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SpeX Spectroscopy of Unresolved Very Low-Mass Binaries. I. Identification of 
Seventeen Candidate Binaries Straddling the L Dwarf/T Dwarf Transition 

Adam J. Burgasser ^'2'^, Kelle L. Cruz Michael Gushing^, Christopher R. Gehno^, Dagny L. 
Looper^'^, JacqueUne K. Faherty^, J. Davy Kirkpatrick^'^, and I. Neih Reid^'^ 

ABSTRACT 

We report the identification of 17 candidate brown dwarf binaries whose components 
straddle the L dwarf/T dwarf transition. These sources were culled from a large near- 
infrared spectral sample of L and T dwarfs observed with the Infrared Telescope Facility 
SpeX spectrograph. Candidates were selected on the basis of spectral ratios which 
segregate known (resolved) L dwarf/T dwarf pairs from presumably single sources. 
Composite templates, constructed by combining 13581 pairs of absolute flux-calibrated 
spectra, are shown to provide statistically superior fits to the spectra of our seventeen 
candidates as compared to single templates. Ten of these candidates appear to have 
secondary components that are significantly brighter than their primaries over the 1.0~ 
1.3 iim band, indicative of rapid condensate depletion at the L dwarf/T dwarf transition. 
Our results support prior indications of enhanced multiplicity amongst early-type T 
dwarfs; 53ib7% of the T0-T4 dwarfs in our spectral sample are found to be either 
resolved or unresolved (candidate) pairs, although this is consistent with an intrinsic 
(volume complete) brown dwarf binary fraction of only 15%. If verified, this sample of 
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spectral binaries more than doubles the number of known L dwarf/T dwarf transition 
pairs, enabling a broader exploration of this poorly-understood phase of brown dwarf 
atmospheric evolution. 

Subject headings: stars: binaries: general — stars: fundamental parameters — stars: 
low mass, brown dwarfs 



1. Introduction 



Among the outstanding problems in brown dwarf astrophysics today is the depletion of pho- 
tospheric condensate clouds at the transition between the two l owest-luminosity s pectral classes 
of low- mass stars and brown dwarfs, the L dwarfs and T dwarfs (jKirkpatrickl l2005l and references 



there in). The L dwarfs, with effective temperatures of 1300 < Tg// < 220 K ([G olimow ski et al 



20041 ). host a variety of mineral condensate species in their photospheres (jLoddera,2002 ). as evi- 
dent by their very red near-infrared colors, muted H2O absorption bands, weak T iO and VQ bands 



(gaseous precursors to condensates) and p r esence of silicate gra in features (e.g., iTsuii et al 



1996 



Kirkpatrick et al 



199S 



Knapp et al. 



2004 



Gushing et al.ll2006l ). In contrast, the cooler T dwarfs 



(600 < Tg// < 1300 K), which have blue near-infrared colors and strong rnolecular gas absor ption 



appear to have relatively condensate-free atmospheres (jMarlev et al. 



1996 



Tsuii et al.lll999l ). 



One-dimensional, static cloud models have been able to explain these trends through the con- 
finement of c ondensates which are vertically bound by a balance of gravi tational settling and vertical 
mixing (e.g.. lAckerman fc Marl^l200ll : [Tsuil2002l : iBurrows et al.ll2006l ). In these models, the cloud 
layer resides at the photosphere in the L dwarfs, but sinks below the photosphere and out of view in 
the T dwarfs. While providing a robust, conceptual framework for understanding cloud evolution 
at the L dwarf/T dwarf transition, these models have nevertheless failed to explain the surprisingly 
narrow range of effective temperatures (ATpfj ?^ 200-400 K) and luminosities ( Alog Lf,o/ /L^t) ~' 



0.3 de x) that encompass this transition (jKirkpatrick et al 



200c 



Golimowski et al 



2004 



Burgasser 



2007al ) . More remarkably, surface fluxes in the 1.0- 1.3 //m region are observed to increase amongst 
early-type T dwarfs, the so-called "J-band bump" (jPahn et al.ll2002l : iTinney et al.ll2003l ). Gareful 
tuning of cloud parameters (e.g, settling efficiency, cloud coverage or cloud top temperature) can 
repro duce the characteristics of the L dwarf/T dwarf transitio n, but in an arguably ad-hoc manner 
(e.g., burgasser etaDl2002bl : iTsujilbood : iGushing et ahlboosl ). 



Binaries with L dwarf and T dwarf components have helped to clarify this transition by provid- 
ing coeval, co-spatial labora tories for detailed atmospheric investigations. Resolved phot ometry for 
a handful of these systems (IBurgasser et al.ll2006d : iLiu et al.ll2006l : iLooper et al.ll2008bl ) have con- 
firmed the J-band bump to be an intrinsic aspect of brown dwarf evolution, rathe r than variations in 
surfa c e gravity, metallicity or unresolved multiplicity in heterogeneous samples (iTsuji fc: Nakajima 



2OO3I : iBurrows et al.l 120061 ) . L /T binaries have also enabled better characterization of absolute 



magnitude/spectral type relations across the L dwarf/T dwarf transition, confirming the narrow 
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luminosity range over which this transition occurs. Interpreted as a short timescal e for the re- 
moval of condensates from brown dwarf photospheres (^500 Myr: iBurgasseii l2007al ) . this result 
also explains the relative rarity of early-type T dwarfs (jMetchev et al.ll2008l ) and t heir high rate of 



multi 



j licity (nearly tw ice that of other brown dwarfs in magnitude-limited samples: iBurgasser et al 



2006c 



Liu et al.1 12009 ) 



Two factors conspire to hamper resolved imaging studies of L dwarf/T dwarf pairs: their 
low space density and corresponding greater distances from the Sun, and the inh erently sma ll 
physical separations of brown dwarf multiples in general (~98% have a < 20 AU; e.g., I AllenI 120071 ). 
Fortunately, the distinct and highly-structured near-infrared spectral energy distributions of L and 
T dwarfs makes it possible to both identify and characterize unresolved pairs from combined-light 
near-infrared spectroscopy, so-called spectral binaries. Indeed, one of the first L/T bin aries found 
2MASS J0518-282£l, was originally identified by its peculiar near-infrared spectrum (jCruz et al 
20041 ). and subs equently confirmed via high angular resolution imaging with the Hubble Space 



Teles cope (ffST; IBurgasser et al.ll2006d ). A more recent spectral binary discovery, 2MASS J0320- 
0446 (jBurgasser et al.ll2008al ). w as independently i dentified as an M8.5 -|- T5 spectroscopic binary 
with an orbital period of 0.67 yr (jBlake et al.ll2008l ). This case illustrates the increased potential of 
finding very closely-separated systems among unresolved binaries, systems that are more amenable 
to astrometric and/or spectrosco pic orbital mass measurements that provide critical tests of brow n 



dwarf evolutionary theories (e.g., IZapatero Osorio et al. 



2004 



Liu et al 



Stassun et al 



200j:lDuDuv et al.ll2009l l. 



20oJ and hence the 



Tight binaries also have a higher probability of eclipsing (e.g., 
potential to yield radius measurem ents to constrain as-y et untested structural models of evolved 
brown dwarfs (i.e., ages > 1 Gyr; IChabrier et al.M2009l ). Unresolved pairs can be identified at 
greater distances, enabling the construction of larger and more statistically robust samples; and 
provide a means of measuring the true binary fract ion of brown dwar f s currently unc ertain by a 



factor of 2-3 due to separation selection biases (e.g.. iLodieu et al.ll2007l : IJoergensll2008l ). 



In this article, we report the identification of seventeen unresolved, L dwarf/T dwarf binary 
candidates selected from a large sample of low-resolution near-infrared spectra of late-type dwarfs. 
In Section 2 we summarize the construction and basic characteristics of the sample, including new 
observations of L and T dwarfs. In Section 3 we describe our method of selecting L dwarf/T dwarf 
binary candidates through the use of spectral indices. In Section 4 we detail our spectral template 
analysis technique, define metrics to assess the probability of unresolved multiplicity, and determine 
component parameters. In Section 5 we present the results of our spectral analysis, examining each 
candidate in detail. In Section 6 we discuss our results in the context of the absolute magnitude 



^Names of sources listed in the text are shortened to [P REFIX] Jhhmm±ddm m, where [PREFIX] is the original 
discovery catalo R: 2MASS (Two Micron AU Sky Survey: Iskrutskie et allbooeh. SPSS f Sloan Digital Sky Survey: 
York et al.lboool '). DEN IS (Deep Near-Infra red Survey of the Southern Sky: lEpchtein et al.|[l997l ') or IPMS (Infrared 



Proper Motion Survey; Artigau et al. 2006l l . and hhmm and ±ddmm are the sexigesimal Right Ascension (hours and 
minutes) and declination (degrees and arcminutes) at equinox J2000. Full source names and coordinates are given in 
Tables (2] [3] and [T] additional source data can be found at the DwarfArchives site, http : / /d warf archives . org[ 
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relations for L and T dwarfs, the frequency of multiples across the L dwarf/T dwarf transition, and 
the process of cloud depletion at this transition. The major conclusions of this study are summarized 
in Section 7. As Sections 2 through 4 are devoted to our selection and analysis techniques, readers 
interested primarily in the binary candidates can skip to Section 5 without loss of context. 



2. SpeX Spectral Sample 

Our analysis is based on a large sample of lo w-resolution, near- infrared spectra of L and 



T dwarfs obtained with SpeX (jRavner et al.l 120031 ) . a low-resolution, 0.8-5.4 spectrograph 



mounted on the 3m NASA Infrared Telescope Facility. The spectra were obtained using the prism- 
dispersed mode of SpeX, which provides 0.75-2.5 nm continuous wavelength coverage in a single 
order, with dispersion of 20-30 A pixel"^ and an average resolution A/AA ~ 120 for the 0'.'5 slit 
(some sources were also observed with the O'.'S slit). The sample is neither complete nor volume- 
limited; it constitutes a representative subset of ultracool dwarfs in the local disk population, based 
on ongoing SpeX spectroscopic follow-up by ourselves and other researchers of all known L and T 
dwarfs down to an effective magnitude limit of X ~ 16, including nearly all known L and T dwarfs 
within 20 parsecs of the Sun. Most of these sources observed are compiled on the Dwarf Archives 
sit^; the SpeX spectra examined here are available at the SpeX Prism Spectral Librariejfl. 



2.1. New Observations 



Ninety-nine L and T dwarfs were observed by the authors over several runs spanning 2004 
September through 2008 September, as summarized in Table [TJ These data were acquired in a 
variety of weather (clear to partly cloudy) and seeing conditions (0'.'3~1'.'2), but were uniformly 
observed using the 0'.'5 or 0'.'8 slit aligned at parallactic angle and generally at low airmass (sec z < 
2). Each source was observed in multiple exposures, dithering in an ABBA pattern along the slit, 
with total integration times of 240-1200 s depending on source brightness and weather conditions. 
Nearby AO V stars were observed for flux calibration and telluric absorption correction, and in- 
ternal flat field and argon arc lamps were observed with each flux standard for pixel r esponse and 



wave l ength calibration. A ll data were reduced using the SpeXtool reductio n package (IVacca et al 



2003 



Gushing et al.ll2004l ) using standard settings, as described in detail in iBurgasseil (|2007bl ^. 



^http: //dwarf archives . org[ 



: //www.browndwarf s . org/spexprism 
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2.2. Data from the Literature 

In addition to our new observations, we compiled from the literature SpeX observations of 134 
L and T dwarfs with published optical and/or near-infrared spectral types spanning L3 to T8 and 
with data having median signal-to-noise ratios of 20 or greater over the 0.9-2.4 /xm window. Those 
dat£0 were acquired and reduced following similar procedures as described above. Combining the 
new and previous observations results in a sample of 253 spectra for 233 L3-T8 dwarfs. 



2.3. Initial Template Sample 



In order to identify and characterize unresolved binaries, we required a "clean" sample of spec- 



tral te mplates. An initial sample was constructed by ex cluding known bina ries (jBurgasser et al 



2007bl and references therein) young cluster objects (e.g.. iMuench et al.ll2007l ). and sources specif- 
ically noted to have peculiar spe ctra associated with low surface gravities, subsolar metallicites 
or unusual cloud properties (e.g., 



Lucas Roche 200c] : Burgasser et al. 2003a : Knapp et al. 2004 : 



Chiu et al.ll2006l : ICruz et al.ll2007l . l2009l : iLoooer et al.ll2008bl '). This left us with a sample of 189 



spectra of 178 sources, whose properties are summarized in Table [2j 

Figure [J shows the distribution of published spectral types for these spectra, based on optical 
data for L3-L8 dwarfs or near-infrared data for L9-T8 dwarfs and those L dwarfs without optical 
classifications. The distribution is relatively flat, albeit with fewer T0-T3 dwarfs and T8 dwarfs 
reflecting the rarity of these sources in current s earch samples . The lite rature classificat i ons are 
based primarily on the iKirkpatrick et al.l (|l999l ) , iGeballe et al.l (|2002l ) or iBurgasser et al.l (|2006bl ) 
schemes. However, many L dwarfs have never been typed in the near- infrared, and those with near- 



infra. r ed types have been classified following different schemes (e. g., iReid et al.ll2001al : iTesti et al 



2001 



McLean et al. 



2003 



Nakajima et al.l l2004l : iBurgassed l2007al ) . To place the sample on a self 



consistent, homogeneous basis, we calculated near-infrared spectral types for each source directly 
from the SpeX data, using the spe ctral indices H2O-J, CH4-J, H2O-H, CH4-H, H2O-K an d CH4-K 
defined in IBurgasser et al.l (j2006bl ) and index/spectral types relations given in iBurgasseii (j2007al ). 
As in the latter study, the set of indices used to classify each source is selected based on an initial (in 
this case, published) spectral type estimate. The H2O-J, II2O-H and II2O-K indices are combined 
for types L8 and earlier and the H2O-J, CH4-J, H2O-H, CH4-H and CH4-K indices are used for 
later types. As there can be significant differences between published and near-infrared spectral 
types, particularly for the L dwarfs (e.g.. lGeballe et al.ll2002l ). we repeated the classification process 
three times for each source, using each iteration's classification to determine the indices used for 
the next iteration. The spectral type adopted for each source is the mean of its individual index 



St 



Data were drawn from 



Burgasser et~aLl hoo4. boOGallbl 



2007a 



Burgasser & McElwain (200d); Chiu et al. ' ^2006'); McElwain & Burgasser ('2006')" Reid et al. ' (200&)- ^Burgasserl 



2008allbh 



Cruz et aLl 



J007a b c); Liebort fc Burg asser (2007): .Looper et al.. (|2007, . .2008bi 'l: .Luhman et al.. (,2007. 'l : .Siegler et al., (^2007) and 
Sheppard fc Gushing! (l2009h . 
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types. 

Table[2]lists the index-based types, with uncertainties (standard deviation of index types) given 
for those sources with considerable scatter (default classification uncertainty is ±0.5 subtypes). 
Figure [U shows the distribution of these classifications, which is not significantly different from the 
literature distribution. Figure [2] compares the SpeX and literature classifications against each other. 
Over the entire template sample, the standard deviation between classifications is 0.9 subtypes, 
although average deviations are generally larger among the L dwarfs (cr = 1.1 subtypes) than the T 
dwarfs {a = 0.5 subtypes). In most cases, the discrepancies are between optical and near-infrared 
types for L dwarfs. Only eleven sources had SpeX classifications that differed by more than two 
subtypes from the published classifications, one of which is a candidate binary (2MASS J1711+2232; 
see Section 3.2). For completeness, we used both published and index-based spectral types in our 
analysis. 



3. Identification of Binary Candidates 



3.1. Spectral Peculiarities in Known Binary Systems 

Prior identification of unresolved L dwarf/T dwarf binaries from SpeX data has been based 
largely on the presence of peculiar spectral features, such as the sharp dip at 1.6 /xm o bserved in the 



spect ra of 2MASS J0320-0446, SDSS J0805+4812 (|Burgasserll2007bl l and Kelu-lA (jStumpf et al 



20081 ) attributed to overlapping FeH and CH4 absorption features from unresolved L dwarf and T 
dwarf components. Howeve r, such specific fea tures need not arise in all L/T binary combinations; 
see for example Figure 4 in Isurgasserl (2007a). 



In an effort to make the selection process more robust, we examined the near -infrared spectra 



of six resolved L/T binarie s (Table [3D: 2MASS J 0518-2828, SDSS J0423- 0414 (IBurgasser et al 



2005b|), SDSS J102 1-0304 (IBurgasser et al.1 l2006d'l. 2MASS J 1404+3159 (ILooper et al.l l2008all 



SDSS J1534+1615 (jLiu et al.l I2OO6I I. and 2MASS J2252-1730 (jReid et al.1 l2006l ^. Figure [3] com- 



pares the combined light spectrum of each of these systems to its closest match in our template 
library (see Section 4.2). Spectral deviations between the binaries and templates range from pro- 
nounced (in the case of 2MASS J0518-2828) to subtle (in the case of SDSS J1021-0304), but several 
common trends stand out: 



1. The 1.6 fim CH4 absorption band is typically stronger relative to 2.2 fim band in the binaries, 
the former occasionally appearing in the absence of the latter (e.g., 2MASS J0518-2828); 

2. The 1.27 fim fiux peak is more pronounced and II2O and CH4 absorption deeper at 1.1 /im 
in the binaries (e.g., SDSS J1534+1615); 

3. The 2.1 fim flux peak is slightly shifted toward the blue in the binaries (e.g., SDSS J1021- 
0304); and 
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4. The overall near- infrared spectral energy distribution is generally bluer in the binaries (e.g., 
2MASS J2252-1730). 

These traits suggest qualitative means of differentiating unresolved binaries from single sources, 
and systems such as 2MASS J0518-2828 readily stand out in direct spectral comparisons. However, 
comparative methods implicitly assume that the templates themselves are "normal" single spectra, 
an assumption we cannot make given that we are searching for unresolved binaries within the same 
sample. To overcome this ambiguity, we used a suite of spectral indices to identify sources whose 
overall spectral properties are similar to known binaries and therefore indicative of unresolved 
multiplicity. 



3.2. Spectral Index Selection 



Eight spectral indices, defined in Tabled were measured for each spectrum in our full spectral 
sample (templates and known binaries /peculiar sources ). These include t he six c lassification indices 
used in Section 2.2, the K/ J flux peak ratio defined in lBurgasser et al.l (j2006bl ). and an additional 
index sampling the 1.6 ^m feature noted above. We compared all eight indices against each other 
for every source in our sample, and examined trends in individual indices and index ratios as a 
function of spectral type using both literature and index-based classifications. 

From these combinations, we identified six pairings that best segregated known L dwarf/T 
dwarf binaries from the bulk of the spectral sample, as shown in Figure |H These pairings refiect 
the peculiar traits outlined above, in particular the strength of the H-haxid CH4 feature (CH4- 
K versus CH4-H and H-dip versus H2O-H), the unusual brightness of the J-band peak (H2O- 
K versus H2O-J, H2O-J/H2O-H and H2O-J/CH4-K versus spectral type), and blue near-infrared 
colors (K/J versus CH4-H). In these comparison spaces, we identified regions (Table[5]) which clearly 
segregated known binaries, but were conservative enough so as not to over-select unusual spectra 
that presumably arise from non- multiplicity effects (e.g., variations in surface gravity, metallicity 
or cloud properties). The criteria also allowed us to retain enough non-binary-like late-L/early- 
T dwarf spectra for our spectral template analysis (Section 4). These criteria clearly provide an 
incomplete selection of unresolved binaries, as they do not select several known binary systems 
with either weak s ignatures of CH4 absorption (e.g., 2MASS J0850+1057 and 2MASS J1728+3948; 
Reid et al.ll2001bl: iGizis et al.ll2003l ) or systems with identical components (e.g., SDSS J0926-I-584; 
Burgasser et al.ll2006d ). However, as a first attempt at identifying unresolved pairs, we chose to 
maximize the reliability of our candidate selection over sample completeness. 

In all, 46 sources from our full SpeX sample of 253 spectra satisfied at least one selection 
criterion. These include nine known binaries and all six sources listed in Table [3l We refined our 
selection by requiring binary candidates to satisfy at least two criteria. We also segregated "strong" 
candidates (satisfying at least three criteria) from "weak" candidates (satisfying only two criteria), 
a distinction intended to test the robustness of the spectral index criteria. These 20 sources are 
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listed in Table \7\ and constitute our initial candidate pool. All have near-infrared classifications 
from SpeX data spanning L8.5-T3; several have been previously noted in the literature as having 
peculiar or highly uncertain spectral types. We discuss each candidate in detail in Section 5. 



4. Spectral Template Analysis 

4.1. Flux Calibration 

The final test of the binary nature of our candidates and characterization of their components 
is a comparison of their spectra against synthetic composites generated from the template spectra. 
The templates, purged of binary candidates (reducing the sample to 170 spectra of 161 sources), 
were interpolated onto a common wavelength scale an d set on a. n abso lute flux scale (in F\ flux 
units) using the MKcfl Mi^/spectral type relations of iLiu et al.l (|2006l ). We considered the two 
Mk relations defined in that study, one constructed by rejecting known binaries (hereafter, the 
"bright" relation) and one const ructed from reje cting known and candidate binaries (hereafter, the 
"faint" relation; see Figure 5 in iLiu et al.l l2006l ) . These two relations encompass our current best 
constraints on absolute magnitude trends across the L dwarf/T dwarf transition, despite diverging 
by nearly ~1 mag over spectral types L8-T5. Absolute magnitudes were assigned according to 
either literature or index-based spectral types, resulting in four independent flux scalings for the 
templates. As our baseline calibration set, we adopted the faint calibration applied to literature 
classifications (see Section 6.1). 



4.2. Comparison to Single and Composites 



For each candidate, we first dete rmined best mat c hes to individual template spectra following a 
procedure similar to that outlined in iBurgasser et al.l (|2008al ) . All spectra were initially normalized 
to the maximum fiux in the 1.2-1.3 fiui region. We then computed a weighted chi-square statistic 
between each candidate (C[A]) and template (T[A]) spectrum: 

'C[\]-aT[X]^^ 



X 



{A} 



(1) 



(see lCushing et al.ll2008l ). Here, w[X\ is a v ector of weights sati sfying '^^{x} = 1, a is a scaling 
factor that minimizes (see Equation 2 in lCushing et al.ll2008l ). (Tc[A] is the noise spectrum for the 
candidate, and the sum is performed over the wavelength ranges {A} = 0.95-1.35 fim, 1.45-1.8 ^m 
and 2.0-2.35 fim in ord er to avoid reg i ons o f strong telluric absorption. We adopted the same 
weighting scheme used in lCushing et al. ( 2008 ). with each pixel weighted by its spectral width (i.e., 
Wj oc AA,). 



Mauna Kea Observatory filter system; see iTokunaga et^ l|2002l ) and lSimons fc Tokunagal l|2002h . 
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The candidate spectra were then compared to a larger set of synthetic composites, constructed 
by combining all possible pairs of flux-calibrated templates for which one source was of equal 
or later spectral type (using either literature or index-based classifications). The resulting 13581 
composites were also normalized and compared to the candidate spectra using the same statistic 
as Equation [TJ We note that because we are comparing the candidate spectra against a finite 
sample of spectra of distinct sources, each of which are modulated by some degree of noise, our 
expectation is not to achieve ~ 1 for our best-fit cases; indeed , this expectation is not even 
realized in spectral model fits (see Figure 4 in ICushing et alJ 120081 ) . What matters is whether a 
binary template provides a significantly improved fit, as discussed below. 



4.3. Assessing Fit Quality and Parameter Estimation 

The number of composites used to fit the candidate spectra vastly outnumbers the number of 
single templates, so we are almost assured of finding a better fit (lower x^) with the former. It is 
therefore necessary to assess the statistical significance of the fit improvement in order to rule out 
the null hypothesis; i.e., that the candidate is not a binary. We used the one-sided F-test for this 
purpose, using as our distribution statistic the ratio 

T^HiX^single})/ '^single 
VSB = . ,r 2 TT7 (2) 

where v is the degrees of freedom in each fit. For both single and composite fits, one might initially 
assume that v single = composite = is the number of data points used in the fit (A^ = 296), minus 
one to account for the relative scaling between data and template spectra. However, individual 
weighting of the spectral points implies that they do not contribute equally to the total x'^ value. 
We therefore define the effective number of data points, 

1 ^ 

^esf = jr-T^Y.'"^ (3) 

maxilwM 

i=\ 

which reduces to N for Wi = constant. For our weighting scheme, Nf,ff = 254 and hence v = 253. 
To rule out our null hypothesis at the 99% confidence level (CL), we required rjsB > 1-34 as our 
final selection criteria. 

Typically, multiple single or composite templates yield similar values for a given candidate. 
We therefore computed mean values and uncertainties for the component parameters (i.e., spectral 
types and relative brightnesses) using a weighting scheme based on the F-distribution. In effect, 
each fit's parameter set was weighted by the likelihood that that fit is equivalent to the best fit: 

W,cxl-F{riio\iy,u). (4) 

Here, rjiQ = x^i/min([x^]) is the ratio of chi-square residuals between the best-fit template and the 
i^^ template, and F{r]iQ j u, v) is the F-distribution probability distribution function. Parameter 
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means (p) and uncertainties (dp) were then computed as 



and 

where the sums are over all fits. 



4.4. Known L/T Transition Binaries 



Before proceeding to examine our binary candidates, we first assessed how well our index 
selection and spectral fitting procedures identified and reproduced the properties of the known 
binary systems listed in Table [3l The best-fit templates for these sources are shown in Figure El 
while Table \5\ summarizes the component parameters based on the faint calibration scale. For 
each system, best-fit composites provided a statistically significant better match (CL > 99%) to 
the combined light spectrum than the best-fit single template. Visual inspection of these fits also 
indicates clear improvement in the cases of 2MASS J2252-1730, SDSS J0423-0414, 2MASS J0518- 
2828 and 2MASS J1404+3159. The fits for SDSS J1021-0304 and SDSS J1534+1615 are more 
subtle improvements, but notably reproduce the blue-shifted peak at i^-band in the spectrum of 
the former and the strong 1.1 fim H2O/CH4 band in the spectrum of the latter. 

Resolved photometric measurements have been made for these systems, so we examined how 
well our technique reproduces reported relative magnitudes. For the composites, synthetic MKO 
JHK and HST/NICMOS FUOW and F170M photometry were computed directly from the flux- 
calibrated SpeX d ata by integrating the se and a Kurucz model spectrum of Vega with the respective 
filter profiles (see ICushing et al.l l2005l ) . Mean relative magnitudes and their uncertainties were 
calculated as in Equations El and El and are also listed in Table El In all six cases, synthetic 
photometry is consistent with measurements to within 2a, although uncertainties in the former are 
as high as 0.8 mag. For the two sources with the most reliable photometry, SDSS J0423-0414 and 
2MASS J1404+3159, the agreement is within 1.5a. 

Finally, while none of the known binaries listed in Table El have reported resolved spectroscopy, 
the inferred component types are generally consistent with estimated types from the literature (±1 
subtype) with the exceptions of 2MASS J0518-2828, for which we infer later-type components 
(L7.5+T5 versus L6:+T4:), and DENIS J2252-1730, for which we infer an earlier primary and 
later seco ndary (L4.5--I-T4. 5 versus L6+T2). How ever, reported types for the former are highly 



uncertain (jCruz et al.l 12004: iBurgasser et al.ll2006d ) while our spectral fit to the latter is superior 
to that presented in beid et al.l (|20od ). 



In summary, we find that our method is capable of robustly identifying and characterizing 
known L dwarf/T dwarf transition pairs, providing a measure of confidence in our candidate binary 



selection and component characterization. 



5. Results 

Single and composite template fits for each of the candidate binaries and for all four component 
flux calibrations are summarized in Tables [8] and [H These include best-fit and mean component 
types and relative MKO JHK and HST/mCMOS FllQW and F170M magnitudes. The best 
fits based on the faint flux calibration are shown in Figures El and [71 In the following sections we 
discuss each candidate in detail. 



5.1. Strong Candidates 

5.1.1. SDSS J 024 749.90-163112.6 



Originally identified in the SDSS bv lChiu et al.1 (|2006l ). SDSS J0247-1631 is classified T2±1.5 
in the near-infrared, consistent with our index-based classification of T2.5ibl. The uncertainty in 
both reflects large scatter in spectral indices, with stronger absorption in the 1.1 ^m H2O/CH4 
band relative to 1.6 and 2.2 fim CH4 bands. SDSS J0247-1631 satisfied all six spectral index 
selection criteria, and the best-fit composite is a clear improvement over the single template fit and 
statistically significant (CL >99%). Average primary and secondary spectral types are inferred to be 
T0±0.2 and T7±0.3, the latter being the latest-typed secondary in our sample. The composition 
of this system indicates a secondary that is fainter than the primary across the near-infrared 
band (A J = 0.68±0.10). The primary component of the best-fit composite, SDSS J1520-I-3546, 
has discrepant literature (TOitl) and index-based (L7.5) near-infrared classifications, due in part 
to weak H2O absorption at 1.1 /um and 1.3 nm; and its near-in frared color (2MASS J — Kg = 
1.54zb0.08) is somewhat blue for either type. iFahertv et al.l (|2009l ) have found that unusually blue 
L dwarfs have a large tangential velocity {Vtan) distribution, indicative of older ages, higher surface 
gravities and possibly subsolar metallicities. SDSS J0247-1631 itself has a relatively large Vtan = 
46±7 km s~^, compared to a mean of 26±19 km s"^ for L0-L9 dwarfs (jPahertv et aklbnoal ). These 
characteristics suggest that SDSS J0247-1631 may be an older and/or slightly metal-poor pair of 
brown dwarfs. No high angular resolution imaging observations of this source have been reported 
to date. 



5.1.2. SDSS JO35IO4. 37+481046. 8 



Chiu et al.l (|2006l ) classified SDSS J0351-h4810 a Tl±l in the near-infrared, similar to our 
SpeX classification (T1.5=bl). Again, the uncertainties arise from spectral peculiarities, in this case 
unusually weak CH4 absorption at 2.2 /im. SDSS J0351-I-4810 satisfied all six selection criteria. 
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and the best-fit composite is a clear improvement over the best-fit single template and statisti- 
cally significant. Average primary and secondary spectral types are L6.5ib0.7 and T5ib0.7, with 
a secondary that may be slightly brighter than the primary at the 1.05 /im and 1.27 fim spectral 
flux peaks (A J = 0.31±0.31). The primary in the best-fit composite, 2MASS J0103-hl935 (L6, 
2MASS J — Kg = 2.14ib0.10), has a fairly steep red spectral sl ope, indicatiye of eit her low surface 
gravity (i.e., youth) or unusually thick condensate clouds (e.g.. iLooper et al.ll2008bl ). On the other 
hand, the best-fit secondary has a normal color for its spectral type. This combination suggests 
a system with an unusually cloudy primary and normal secondary. No high angular resolution 
imaging observations of SDSS J0351-I-4810 have been reported to date. 



5.1.3. SDSS J103931. 35+325625. 5 



Chiu et al.l (j2006l ) classified SDSS J1039-I-3256 a Tl in the near-infrared (our SpeX classifica- 



tion is T1.5), and its spectrum satisfied all six selection criteria. The best-fit composite is a clear 
improvement over the best-fit single template and statistically significant. Average primary and 
secondary spectral types are L7ib0.2 and T4ib0.2, and the primary appears to be brighter than 
the secondary at all wavelengths (A J = 0.26ib0.09). The components of the best-fit composite 
appear to be fairly normal for their respective spectral types. No high angular resolution imaging 
observations of SDSS J1039-I-3256 have been reported to date. 



5.1.4. 2MASS JIIO6II97+2754225 



Looper et al.l (|2007l ) classified 2MASS J1106-I-2754 a T2.5 in the near-infrared; we classified the 
same SpeX spectrum T2 using spectral indices. Satisfying three selection criteria, 2MASS J1106-I-2754 
is subtly but significantly better fit by composites with average component types of TOibO.2 and 
T4.5ib0.2. These types are similar to those inferred for 2MASS J1404-I-3159, and predict a secondary 
that is substantially brighter at the 1.05 /xm and 1.27 /im spectral fiux peaks (AJ = -0.37ib0.06). 
Again, the best-fit primary is SDSS J1520-I-3546, a somewhat peculiar blue late-L/early-T dwarf. 

2MASS J1106-I-2754 i s one o f only two strong candidates imaged at high angular resolution, in 
this case by iLooper et al.l (|2008al ) using the Keck AO system. Kg-hand images show only a single 
point source with a point spread function full width at half maximum of 68 mas. Based on the 
relative magnitudes inferred from this analysis {IS.K = 1.16ib0.09 for the faint calibration), this 
observation rules out a resolved binary syste m with projected se paration >1.5 AU at the time of the 
observation, assuming a distance of 22 pc (jLooper et al.l 120071 ). The null imaging result indicates 
one of three possibilities: 2MASS J 1106-I-2754 rnay be a single source, a b i nary observed clos e to 



line-of-sight alignment (e.g., Kelu-1: iMartin et al 



1998 



Liu fc Leggett 



2005 



Gehno et al.ll200fil ^. or 



a tightly-separated system. The excellent fit of this source's spectrum to composites supports one 
of the two latter possibilities, and 1.5 AU is not a particularly stringent constraint on the separation 
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given that several brown dwarf mult i ple systems are known to have even smaller separations (e.g., 
Basri k. Martini Il999l : IStassun et al.ll2006l : Ijoergens fc Miilleii 120071 ). Nevertheless, second-epoch 



imaging and/or spectroscopic monitoring are required to verify the binary nature of this source. 



5.1.5. 2MA SS Jl 324 3559+6358284 



Discovered independently bv lLooper et al.l (|2007l ) and lMetchev et all ([2003), 2MASS J1324+6358 
was classified as a peculiar T2 in the former study based on its unusually red near-infrared spectral 
energy distribution (our SpeX classification i s T2zfcl). 2MASS J 1 324+6358 is also a red outlier in op- 



tical, near-infrared and mid-infrared colors (jLooper et al. 



2007 



Metchev et al. 



2008 



Fahertv et al 



2003 ). Looper et al. specifically examined the possibility that this source is an unresolved binary, 
finding a good match to an L9 -|- T2 composite. We also find this source to be a likely binary, 
with statistically significant better fits to composites with mean component types of L8=b0.2 and 
T3.5ib0.2. The secondary of this system appears to be brighter than the primary at the 1.05 ^m 
and 1.27 fim flux peaks (AJ = — 0.05=b0.06). The primary component of the best-fit compos- 
ite, 2MASS J1043-h2225 (2MASS J - K, = 1.97ifc0 08), has been noted as one of the reddest 



optically-classified L8 dwarfs known (jCruz et al.l 120071 ). while the secondary has normal colors for 
its spectral type. Like SDSS J035H-4810, this combination suggests a system with an unusually 
cloudy primary and cloud-free T dwarf secondary. No high angular resolution imaging observations 
of 2MASS J1324+6358 have been reported to date. 



5.1.6. SDSS J141530.05+ 572428.7 



Chiu et al.l (j2006l ) classified SDSS J1415-I-5724 a T3±l (same as our SpeX classification), 
with an unc ertainty driven by wea k 2.2 p^m CHa absorption relative to the pronounced 1.6 fiui 



band. Both IChiu et al.l (j2006l ) and iFaherty et al.l (|2009l ) note this source as being unusually red 
for its spectral type, and the former attempted (unsuccessfully) to reproduce its spectrum as a 
binary. SDSS J1415-I-5724 satisfied all six selection criteria, and composites (average types L8±0.5 
and T5=b0.3) provide visually obvious and statistically significant better fits to its spectrum. The 
secondary component appears to be brighter than the primary at the 1.05 /um and 1.27 fim spectral 
peaks (A J = — 0.13±0.20), and both components in the best-fit composite have normal colors and 
spectral energy distributions for their respective spectral types. No high angular resolution imaging 
observations of SDSS J1415+5724 have been reported to date. 



5.1.7. SDSS JI43553. 25+112948. 6 



Chiu et al.l (|200a) classified SDSS J1435+1129 a T2ibl in the near-infrared (consistent with our 
T2.5ibl SpeX classification), with the uncertainty driven by weak 2.2 ^m CH4 absorption relative to 
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1.1 /iin and 1.6 bands. Its spectrum satisfied all six selection criteria, and the best-fit composite 
is a visually obvious better match than the best-fit single template, reproducing in particular the 
broad i^-band peak and relatively strong 1.6 ^m CH4 absorption. The average component types, 
L7.5=b0.4 and T6±0.3, indicate a secondary that is slightly fainter than the primary throughout 
the near-infrared (A J = 0.41±0.12). The components of the best-fitting composite appear to have 
normal colors and spectral energy distributions for their respective spectral types. No high angular 
resolution imaging observations of SDSS J1435+1129 have been reported to date. 



5.1.8. SDSS JI43945. 86+304220.6 



Chiu et al.l (|2006l ) classified SDSS J1439+3042 a T2.5, identical to our index-based classifica- 
tion. Its spectrum satisfied only four selection criteria, but the best-fit composite is a statistically 
significantly (albeit subtle) better match than the best-fit single template, providing a better fit to 
the strong 1.6 fiia CH4 band and blue-shifted JC-band peak. Average component types of TlibO.2 
and T5ib0.6 indicate a secondary component that may be slightly brighter than the primary at the 
1.27 /um spectral flux peak (AJ = 0.06ib0.24). The best-flt binary components have normal colors 
and spectral energy distributions for their respective types. No high angular resolution imaging 
observations of SDSS J1439+3042 have been reported to date. 



5.1.9. SDSS JI5III4.66+O6O742.9 



Chiu et al.l ((20061) classified SDSS J1511+0607 a T0±2 in the near-infrared (our SpeX type 



is T0.5 ifc2), with the large uncertainty arising from substantial scatter in index subtypes (L7-T2) 
on the lGeballe et al.l (|2002l ) scheme. Its spectrum is clearly peculiar, with strong CII4 absorption 
at 1.1 fim and 1.6 //m, but very weak absorption at 2.2 ^m; these features are similar in nature 
to the resolved binary 2MASS J0518-2828. The spectrum of SDSS J1511+0607 satisfied all six 
selection criteria, and the best-fit composite is a visually obvious and statistically significant better 
match than the best-fit single template. Average component types, L5.5ib0.8 and T5ib0.4, indicate 
a secondary component that is fainter than the primary across the near-infrared band (AJ = 
0.54±0.32). The primary component of the best-fit composite, SDSS J0624-4521 (L5, 2MASS 
J — Kg = 1.88ib0.04) is somewhat red for its spectral type, while the secondary has normal colors. 
Hence, this may be another system with an unusually cloudy primary but normal secondary. No 
high angular resolution imaging observations of SDSS J1511+0607 have been reported to date. 



5.1.10. SDSS J151603. 03+025928.9 



KnaPD et al.l (120041 ') classified SDSS J1516+0259 a TOibl.5 on the near-infrared scheme of 



Geballe et al.l (l2002l ~ our SpeX classification is L9.5ibl. The uncertainties in both arise from weak 
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CH4 absorption at 2.2 /xm compared to the 1.1 ^um and 1.6 /im bands. The spectrum of this source 
satisfied four of the spectral index criteria, and the best-fit composite is a significantly better match 
than the best-fit single template, 2MASS J0328-I-2302, which may itself be a unresolved binary (see 
Section 6.1). The average component types inferred for SDSS J1516+0259, L7.5ibl.l and T2.5ib2.2, 
are rather poorly constrained, as are the relative brightnesses (A J = 0.30ib0.65). Notably, the best- 
fit composite combines a somewhat red L7 (2MASS J0318-3421, 2MASS J -Ks = 2.06±0.07) and 
a fairly normal T2.5, again suggesting a system with a cloudy primary but normal secondary. No 
high angular resolution imaging observations of SDSS J1516+0259 have been reported to date. 



5.1.11. 2MASS JI7II457+223204 



2MASS J171H-2232 has been studied extensively in the literature, originally identified in 
the 2MASS s urvey and classified L6 .5 in the optical with no detectable lithium absorption or 
Ha emission ()Kirkpatrick et al.l |2000j) . We derive a later but poorly constrained near- infrared 
classification of L9ib3 based on strong H2O absorption and an indication of weak CH4 absorptio n 
at 1.6 ^m. 2MASS J171 1+2232 was also examined in the near-infrared by lNakajima et al.l (|2004l ). 
who noted the presence of CH4 at 2.2 fiui but not at 1.6 ^m; our SpeX spec trum in fact shows 
the opposite, although the K-hand data have somewhat lower signal-to-noise. iTsuji et al.l (120041 ) 
commented on the unusual 1.6 ^m spectral morphology of this source, suggesting that it may be 
due to absorption from FeH and possibly some other unidentified species. 

That other species is likely to be CH4 from an unresolved T dwarf companion, as the unusual 
feature at 1.6 //m seen in the SpeX spectrum of 2MASS J1711+2232 (which satisfied all six selection 
criteria) is similar to those noted in the spectra of 2MASS J0320-0446, SDSS J0805+4812 and 
Kelu-IA. The best-fit composite is a significantly better match than our best-fit single template, 
reproducing the 1.6 ^m feature in detail. Mean component types of L 5ifc0.4 and T5. 5+ 1.2 are 
similar to those inferred for SDSS J0805+4812 (L4.5+0.7 and T5±0.6; burgasserl r2007bl ) . The 
secondary is considerably fainter than the primary across the near-infrared (AJ = 0.92zb0.32, AK 
= 3.05±0.60). 



^2MASS J1711+2232 has been imaged at high angular resolution with HST/WFPC2 (jCizis et al 

2OO3I ) and reported to be unresolved in both F814W (Ac = 0.79 /im) and F1042M (Ac = 1.02 //m) 



bands. However, the sensitivity of these observations were insufficient to detect the T dwarf com- 
ponent; the primary/combined source was marginally detected at F1042M, where the much fainter 
secondary (AF1042M ~ 2-3) would have been brightest. Hence, in the absence of sufficiently sensi- 
tive near-infrared HST or AO observations, we cannot determine conclusively whether this system 
is a tight (unresolveable) binary). 2MASS J1711-I-2232 is the only binary candidate in our sample 
with a parallactic distance measurement {d = 30ib4 pc: IVrba et al.ll2004l ). Its component absolute 
magnitudes are discussed further in Section 6.1. 
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5.1.12. 2MASS J21392676+0220226 



2MASS J2139+0220 was cla ssified TO by 



Reidetal 



(|2008l ) based on its red optical spectrum, 



and T1.5 in the near-infrared by iBurgasser et alj (|2006bl ) based on the SpeX spectrum examined 
here (indices yield a T2.5ibl spectral type). Its near-infrared color is somewhat red for its spectral 
type: 2MASS J - = 1.68ifc0.07 as c ompared to (J - Ks) = 1.31 for Tl dwarfs and (J - K^) = 
1.02 for T2 dwarfs (iFahertv et al.lbood ). The spectrum of 2MASS J2139-h0220 satisfied only three 
selection criteria, but this source nevertheless appears to be a strong binary candidate as its best-fit 
composite is a significant improvement over the best-fit single template. However, the fit is not 
perfect, failing to reproduce the weak 1.6 ^m CH4 band relative to strong 1.1 /im and 2.2 //m absorp- 
tions. The inferred average component types, L8.5±0.7 and T3.5±1.0, are also somewhat poorly 
constrained. Given its unusual pattern of CH4 features even for an unresolved binary, the com- 
ponents of 2MASS J2139-I-0220 may themselves have unusual properties. Its best-fi tting primary, 
the L Difcl SDSS J0830-h4828, has a large tangential velocity {Vtan = 79±4 k m s~^: IPahertv et al 



20091) although its absolute brightne ss and infrared colors appear to be normal (jGeballe et al.ll2002l : 
Vrba et al.ll2004l : lLeggett et al.ll2007l ). The inferred composition of this system indicates a secondary 
that is substantially brighter than the primary at the 1.05 jim. and 1.27 /im spectral peaks (AJ = 
-0.14zb0.21). No high angular resolution imaging observations of 2MASS J2139+0220 have been 
reported to date. 



5.2. Weak Candidates 



5.2.1. SDSS J011912.22+240331.6 



Chiu et al.l (|2006l ) classified SDSS JOl 19-1-2403 a T2 in the near-infrared (similar to our index- 
based T2.5 classification), and its spectrum exhibits a slightly enhanced J-band peak and stronger 
1.6 /im CH4 absorption relative to the T2 spectral standard, SDSS J1254-0122. The best-fit compos- 
ite is a subtle but significant improvement over the best-fit single template, with inferred component 
types of T0±0.7 and T4±0.4, similar to those of the resolved binary 2MASS J1404-3159. Like that 
source, the secondary of SDSS J0119-I-2403 appears to be substantially brighter than the primary 
at the 1.05 /im, 1.27 /im and possibly 1.6 /im spectral peaks (AJ = -0.42ib0.19). The best-fit pri- 
mary, SDSS J0858-F3256 (Tl, MKO J-K = 1.61±0.04) is noted to be a red ou ther for its spectral 
type with a large tangential velocity {Vtan = 66ib3 km s~^: lFaherty et al.ll2009l ). while the best-fit 
secondary is an unexceptional T4 dwarf. Hence, this system may again be composed of an unusu- 
ally cloudy primary and cloud-free secondary. No high angular resolution imaging observations of 
SDSS JOl 19-^2403 have been reported to date. 
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5.2.2. SDSS J075840.33+324723.4 



KnaPD et alJ (120041 ) classified SDSS J0758+3247 a T2±l on the lGeballe et alJ (|2002l ) scheme 



with an uncertainty driven by strong H2O/CH4 absorption at 1.1 /xm (our SpeX classification is 
T2.5). This source is in fact a near-clone to SDSS J1254-0122, and our binary templates actu- 
ally provide significantly worse fits (higher values) than this best-fit single template. While 
SDSS J1254-0 122 also satisfied one o f our binary selection criteria, it is unresolved in i75T imaging 
observations (jBurgasser et al.l l2006d ) so we cannot exclude the possibility that both sources are 
single brown dwarfs. No high angular resolution imaging observations of SDSS J0758+3247 have 
been reported to date. 



5. 2. 3. SDSS J 090900. 73+652527. 2 



Chiu et al.l (|2006l ) classified SDSS J0909+6525 a T1.5 in the near- infrared, identical to our 



SpeX classification, and its spectrum is fairly similar to that of the bright T2.5 IPMS J0136+0933. 
The MKO J - K = 0.62±0.04 color of SDSS J0909+6525 is somewhat blue for its spectral type. 



and' Faherty et al.l ( 20091 ) specifically note it as a blue outlier with a normal tangential velocity (Vtan 
~ 28 km s~^). The best-fit composite is a subtle but significantly better match to the spectrum of 
SDSS J0909+6525, indicating average component types of T1.5±0.5 and T2.5±0.3 and a secondary 
that is somewhat brighter than the primary at the 1.05 /im and 1.27 /um spectral peaks (AJ 
= -0.12ib0.10). The best-fitting composite components have normal colors and spectral energy 
distributions for their respective spectral types. No high angular resolution imaging observations 
of SDSS J0909+6525 have been reported to date. 



5.2.4. 2MA SS JO949O86O- 1 54 54 85 



Tinnev et al.l ([20051) classified 2MASS J0949-1545 a Tl±l in the near-infrared (our SpeX 
classification is T1.5), the uncertainty arising from strong 1.6 ^m CH4 absorption but weak 1.1 /im 
H2O/CH4 absorption as compared to spectral standards. The spectrum of this source is also 
similar to that of IPMS J0136+0933, but the best-fit composite is a significantly better match 
with components similar to SDSS J0909+6525, TlibO.2 and T2ib0.2. Again, the secondary is 
inferred to be somewhat brighter than the primary at the 1.05 /im and 1.27 /xm spectral peaks 
(AJ = -0.07±0.05) despite having comparable spectral types. The best-fit composite components 
are normal for their respective classifications. No high angular resolution imaging observations of 
2MASS J0949-1545 have been reported to date. 
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5. 2. 5. SDSS J 120602. 51 +281328. 7 



Chiu et alj (j2006l ) classified SDSS J1206+2813 a T3 in the near-infrared (identical to our SpeX 



classification), and it exhibits somewhat blue near-infrared colors for its spectral type , MKO J—K = 
0.13±0.04 versus {J - K) = 0.56±0.22 for other T2.5-T3.5 dwarfs (|Chiu et alJbood ^. Its spectrum 
is nearly identical to that of the T3.5 SDSS J1750-I-1759, and while our best-fit composite provides 
a slight reduction in x^, at 92% confidence it falls just short of our significance threshold. It is 
possible that SDSS J1206-I-2813 fails the binary significance criteria because SDSS J1750-I-1759 is 
itself an unresol ved binary, as su g gested by its ap parent overluminosity compared to other early- 
type T dwarfs dVrba et alJ booi Ilui et al.1 bnOffl . However, SDSS J1750-hl759 was unresolved 



in HST images (jBurgasser et al. 2006cl ) and it did not satisfy any of our spectral index selection 



criteria. Hence, we cannot rule out that both sources are single brown dwarfs. No high angular 
resolution images of SDSS J1206-I-2813 have been reported to date. 



5.2.6. SDSS JI20747.I7+O24424.8 



Hawlev et al.1 (120021 ') classified SDSS J1207-F0244 an L8 based on red optical data, while 



Knapp et al.l (|2004l ) classified it TO in the near-infrared (identical to our SpeX classification). The 
spectrum of SDSS 1207-1-0244 is very similar to that of the resolved binary SDSS J0423-0414, and 
as a conse quence it was chosen to replace the latter as the TO spectral standard in the classification 
scheme of iBurgasser et al.l ()2006bl ). However, it appears that this source may also be a binary sys- 
tem, as the best-fit composite provides a significantly better match to its spectrum. The mean com- 
ponent types, L6.5±0.7 and T2.5±0.5 are similar to those inferred for SDSS J0423-0414 (Table [6]), 
the secondary being fainter than the primary throughout the near-infrared (A J = 0.48ib0.28). The 
components of the best-fitting composite are normal, although the T3 2MASS J1209-1004 satisfied 
one of our selection criteria. The possibility that SDSS J1207-I-0244 is a binary system with very 
different component types is potentially problematic for the currently-defined T dwarf classification 
scheme. High angular resolution images of this source have yet to be reported. 



5.2.7. SDSS J151643. 01+305344.4 



Chiu et al.l ((20061) classified SDSS J1516+3053 a T0.5±l while our SpeX classification is 



T1.5ib2. The uncertainties in both arise from this so urce's unusual l y red spectral energy distribu- 
tion and anomalously strong H2O absorption bands. iLeggett et al.l (|2007l ) also note this source as 
being unusually red in mid-infrared colors, and comparison to model co lors suggest the presence of 



strong vertical mixing a n d thick coiidensat e clouds in its atmosphere ([Ackerman &: MarlevI 12001 



Saumon Marleyll2008l ). IChiu et al.l ([200a) attempted to fit their spectral data to a binary model, 
but did not find an adequate match. Our analysis concurs with that result, as the best-fit composite 
is only a marginal improvement over the best-fit single template (87% confidence level), and notably 
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fails to reproduce the strong H2O/CH4 absorption feature at 1.1 ^m. We therefore cannot rule out 
the possibility that this source is a single brown dwarf with unusual atmospheric properties. No 
high angular resolution imaging observations of SDSS J1516+3053 have been reported to date. 



5.2.8. SDSS J 20 523 5. 31-1 60929. 1 



Chhi et al.l ([2003) classified SDSS J2052-1609 a Tl±l (our SpeX classification is T0±1), the 
uncertainty arising in part from strong absorption at 1.1 //m as compared to weak H2O and CH4 
features at longer wavelengths. Despite satisfying only two selection criteria, this source appears 
to be a strong binary candidate, as the best-fit composite is a subtle but significantly better match 
to the data than the best-fit single template. Average component types of L7.5±0.6 and T2ib0.2 
are similar to those of SDSS J0423-0414, although in this case the secondary is inferred to be 
slightly brighter than its primary at the 1.05 fim and 1.27 spectral peaks (AJ = 0.04ib0.18). 
The components of the best-fit composite, SDSS J1155-0559 (L7; 2MASS J-Ks = 1.54±0.11) and 
2MASS J1122-3512 (T2; 2MASS J-K^ = 0.64±0.08), both have unusually blue near-infrared colors 
for their respective spectral types ((J — Kg) = 1.81 and 1.02 for L7 and T2 dwarfs, respectively; 



Faherty et al.l l2009l ) . suggesting that SDSS J2052-1609 may be an older or slightly metal-poor 
system. Indeed, its large proper motion (jj, = 0'.'483±0'.'022 yr~^; J. Faherty, in preparation) implies 
a fairly large tangential velocity {Vtan = 48±8 km s~^), even without accounting for unresolved 
multiplicity in the photometric distance estimate (21zb3 pc). No high angular resolution imaging 
observations of this source have been reported to date. 



5. 2. 9. Summary 

Based on our analysis, we find that 17 of the 20 binary candidates identified by our spectral 
index selection criteria have a high probability of being (as yet) unresolved binaries, as indicated 
by the statistically significant better fits provided by composites. These include all of our strong 
candidates but only 63% (5/8) of our weak candidates, suggesting that at least three index selec- 
tion criteria are preferred to identify robust binary candidates. The inferred properties of these 
systems are summarized in Table [TOl The twelve systems with component types between L7 and 
T5 more than doubles the number of known binaries whose components span the L dwarf/T dwarf 
transitions although we emphasize that these systems remain candidates pending verification via 
high angular resolution imaging and/or high resolution spectroscopic monitoring. 



^Known or suspected L/T transiti on binaries include the si x sources l i sted in Table [5] plus 2MASS J0 850+1057 
( Reid et all boOlbl: IPahn et all booj ). 2 MASS J0920+3517 (Reid et al.1 boOlbl : iBurgasser etail l2006bl) 2MA SS 
J1728+3948 jCizis et al.ll2003h . e Indi BC (|McCaughrean et al.ll20o4) . and Gliese 337CD (|Burgasser et aLll2005al ). 
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6. Discussion 

6.1. Absolute Magnitudes Across the L Dwarf/T Dwarf Transition 

As discussed in Section 1, there remains considerable uncertainty in absolute magnitude trends 
across the L dwarf/T dwarf transition due to the presence of unresolved multiples, gravity and 
metallicity effects, and ultimately the behavior of condensate clouds as they disperse out of the 
photosphere. With a large number of candidate binaries in our sample whose components straddle 
this transition, we considered whether it was possible to use these systems to better constrain these 
trends. 

We firs t consider e d the quality of fits provided by the composites for the two flux calibration 
relations of iLiu et al.l (|2006l ). which differ by nearly a full magnitude between types L7 and T5. 
For the seventeen sources identified as promising binary candidates, we find that for 65% (11/17) 
of these the bright relation provides a lower 'x^ value for the best-fit composite (the same fraction 
is derived whether literature or index-based classifications are used). However, for only one case — 
SDSS J1207+0244 — does the bright relation provide a statistically significant better fit; i.e., CL 
>99% in the ratio of minimum values between the best-fit composites for the bright and faint 
relations. On the other hand, for SDSS J1039+3256 and 2MASS J1324+6358 the bright relation 
provides a statistically significant worse fit (CL <1%). Figure [8] compares the best-fit composites 
based on both faint and bright flux calibrations for these three sources, and indeed the lower 
fits are clear improvements. All three of these systems also co ntain a T 2 -T4 s econdary, within 
the spectral type range where the faint and bright relations of iLiu et al.l (|2006l ) differ the most. 
Given the inconsistency in which relation provides better fits for our candidate binaries, we cannot 
definitely select one over the other on this analysis alone. 

A more direct assessment can be made by focusing on individual brown dwarfs (singles and 
binary components) with parallax distance measurements. Figure [9] displays absolute MKO J mag- 
nitudeJll for 58 L and T dwarfs with measured parallaxes and absolute magnitude errors <0.3 mag. 
Eighteen of these sources are known binaries; we include component magnitudes of the only candi- 
date binary in our sample with a parallax measurement, 2MASS J1711-I-2232, along with measured 



comp onent magnitudes for SDSS J0423-0414, SDSS J1021-0304 and e Indi BC (jMcCaughrean et al 
20041 ) . Nearly all of the unresolved sources and binary components follow the faint Mj relation 



up to spectral type '~T2; only the L9.5 2MASS J0328+2302 stands out as clearly overluminous 
in this range, with Mj magnitudes comparable to combined light photometry for Gliese 337CD. 
Between types T2 and T5, there are only two unresolved sources with parallax measurements, 
SDSS J1750+1759 (T3.5) and 2MASS J0559-1404 (T4.5), both of which he well above the faint 
relation; indeed, the latter lies ~0.6 mag above the bright Mj relation. This could indicate a 



^Photometry shown in Figure [H i s based either on direct measurements ( GebaUe et al. 20021 : Leggett et al. 20021 : 



Knapp et al. 2004 : Chiu et al. 20061 ) or synthetic filter corrections from 2MASS photometry as computed directly 



from the SpeX data; see Section 4.4. 
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dramatic brightening over this spectral type range, as suggested by the component brightnesses 
of the resolved binary 2MASS J1404+3159 (jLooper et alj l2008al ) and our unresolved candidate 
SDSS J0119+2403 (Section 5.2.1). On the other hand SPSS J1750+1759 and 2MASS J0559- 
1404 have both been suggested as unresolved multiples (jGolimowski et al.l l2004l : iLiu et al.l 120061 : 
Stephens et al.ll2009l ). although neither satisfy any of our selection criteria. We therefore cannot 
rule out the possibility that they are young or otherwise peculiar sources. 

The paucity of absolute magnitude measurements in the T2-T5 range makes it impossible to 
determine at this point whether absolute J ma gnitudes remain relatively flat across the entire L/T 
transition (a "J-band plateau" : iLiu et al.ll2006l ). favoring of modest flux reversal and more gradual 



cloud depletion; or undergo a sharp increase over types T2-T5 (a "J-band spike" ; iLooper et al 



2008al ). requiring very rapid cloud depletion. Indeed, neither of these scenarios may encompass the 
behavior of all brown dwarfs. Increasing the number of T2~T5 dwarfs with parallax measurements, 
and obtaining resolved photometry of the candidates presented here, are both necessary if we are 
to properly constrain trends and distributions of absolute magnitudes across the L/T transition. 



6.2. The Frequency of Brown Dvi^arf Binaries 



Higher rates of multiplicity arn ongst early-type T dwarfs have been observed in resolved imag- 
ing studie s (iBurgasser et al.ll2006d ). although statistics in these samples remain poor due to small 



numbers (Goldman et al 



20081 ). As our candidate sample includes sources that might be unde- 



tectable in high resolution imaging, it is relevant to assess how their inclusion in multiplicity statis- 
tics modifies brown dwarf binary fraction trends across the L/T transition, and what constraint 
can be made on the intrinsic binary fraction. 

As discussed in Section 2, our spectral sample is neither complete nor volume-limited, and 
selection biases are uncertain given that sources were identified from different search programs 
using different color and magnitude selection criteria. However, as a first approach we made the 
simplifying assumption that the sample is roughly magnitude-limited, and estimated the fraction 
of L8-T6 dwarfs with SpeX data that are either resolved or candidate binaries. These numbers 
are summarized in Table [TTl and indicate the same high multiplicity rate amongst early-type T 
dwarfs as found in resolved imaging studies. For T0-T4 dwarfs, we deduce a binary fraction of 
53±7% (23/43 sources), peaking above 60% for T0-T2 dwarfs alone. Over half of the early- type 
T dwarfs in this spectral sample appear to be multiples, compared to ~30% in resolved imaging 
samples (jBur gassed l2007al ) . Moreover, the fraction inferred here is likely to be a lower limit, given 
that we are unable to identify unresolved binaries with identical components or combinations that 
fall outside our spectral index selection criteria (see Section 3.2). 

Such a high apparent rate of multiplicity d oes not nec e ssary t ranslate into a high intrinsic (i.e., 
volume-limited) rate, however. As discussed in iBurgasserl (l2007al ) . the enhanced binary fraction of 
early- type T dwarfs arises predominantly from the small change in luminosity across the L dwarf/T 
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dwarf transition, which induces both a sharp minimum in the luminosity function of brown dwarfs 
at type TO (roughly three times rarer in number than early- and mid-type L dwarfs) and makes 
late-type L and early-type T dwarfs comparably bright in the near-infrared. Combined with the 
preferential selection of binaries in magnitude-limited samples, these effects collude to amplify the 
apparent multiplicity rate of early-type T dwarfs. To inf er the intrinsic rate, we reproduced the 
Monte Carlo population simulations of iBurgasseii (j2007al ). using the baseline parameters defined 
in that study and assuming a magnitude-limited sample. We find that an intrinsic rate of only 
15% can produce an apparent binary fraction of 56% for T0-T4 dwarfs in a magnitude-limited 
sample, comparable to the fraction estimated above. This intrinsic rate is in fact on the low 
end of current estimates that attempt t o correct for unresolved multiplicity (e.g.. lBasri Reiners 



2006; 



Lodieu et al.l 120071 : iJoergena 120081 ) , and remains consistent with a bro wn dwarf multiplicity 



fract i on that is significantly lower than those of more massive stars (e.g., iDuquennov &: Mavor 



1991 



Fischer Marcvl Il992l ). We reiterate, however, that our result constitutes a lower limit, 
and a robust measure requires detailed modeling of selection effects (e.g., component spectral type 
sensitivity range, mass ratio sensitivity as a function of age) that are beyond the scope of this 
paper. 



6.3. Flux Reversals and Cloud Evolution 



The physical feature that ties both absolute magnitude trends and enhanced binary fractions 
across the L/T transition is the "sudden" depletion og condensate clouds from the photosphere. 
This is particularly evident in the increased surface flux es at the 1.05 iim and 1.27 nm flux peaks 
where cloud particles are a dominant source of opacity ([Ackerman &: Marlevll200ll ). Amongst the 
binary candidates identified here, 59% (10/17) of the entire sample and 82% (9/11) of candidates 
with L7-T5 components show similar flux reversals in the J-band region. While these reversals are 
dictated in part by our adopted flux calibration (which are, however, tied to the ii'-band flux; see 
Section 4.1), the quality of the fits coupled with observed absolute magnitude/spectral type trends 
(Section 6.1) suggest that these flux reversals are real. 

With a relatively large sample of possible L dwarf/T dwarf pairs, we can also assess how these 
flux reversals vary between systems with similar spectral compositions. Consider the candidates 
SDSS J0119-h2403 and SDSS J1106-h2754, which have component types of TO+TA and T0+T4.5 
and relative brightnesses of A J = -0.42ib0.19 and -0.37=b0.06, respectively. Examination of the 
best-fit composites for these sources (Figures [6] and [7]) reveals that the former has a far more 
pronounced flux reversal than the latter, with the secondary of SDSS J0119+2403 being potentially 
brighter even at the 1.6 fj,m flux peak. The best-fit primary of this system was inferred to be an 
unusually cloudy source, which translates in greater opacity in the J-band region. In contrast, the 
primary of 2MASS J1106+2754 was inferred t o be slightly blue for its spectral type, whic h could be 
attributed to thinner condensate clouds (e.g., iKnapp et al.ll2004l ; iBurgasser et al.ll2008bl ). If clouds 
are the main driver for the unusual colors of the primary components, and their secondaries are 
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roughly equivalent, the different flux reversals can be tied directly to variations in cloud properties. 
Specifically, an initially cloudy brown dwarf should lose more opacity in the J-band region, and 
experience a greater increase in brightness, as it evolves across the L/T transition as compared to 
a brown dwarf that initially has thinner clouds. This correlation between initial cloud content and 
degree of flux reversal suggests that absolute magnitude trends may have more spread across the 
L/T transition than can be discerned in the cur rently sparse dataset; spread has also been suggested 
to arise from age/surface gravi ty effects (e.g., Metchev &: Hillenbrand! 120061 : iMohanty et al.l 120071 ) 
and metallicity variations (e.g., Burrows et al. 20od ). Again, resolved studies of confirmed binaries 



in our sample would provide insight into how atmospheric properties modulate the removal of 
condensate clouds. 



6.4. Limitations of this Study 



Despite the large number of potential L dwarf/T dwarf pairs uncovered in this investigation, 
there are clearly limitations as pertaining to the completeness of the sample and robustness of 
the component characterizations. We reiterate that the 17 candidates listed in Table [10] may not 
represent the full complement of potential binaries in our spectral sample. Our selection criteria 
were specifically chosen to be conservative so as to not eliminate too many spectral templates, 
particularly over the L8-T5 spectral type range. As such, we failed to select known binary systems 
with early-type T dwarf classifications (Section 3.2) and a number of suspected binary pairs such as 
2MASS J0328-I-2302. We are also unable to select systems with si milar spectral com ponent types, 
and are likely biased against higher-or der multiples such as Kelu 1 ([Stumpf et al.ll2008l ) and DENIS- 
P J020529. 0-115925 (|Bouv et al.ll2005l ). The retention of unresolved binaries in our template sample 
may also skew the statistical significance of our candidates. For instance, our rejected candidate 
SDSS J1206+2813, whose spectrum is a near clone to that of SDSS J1750-I-1759, may prove to 
be a binary after all should the latter be determined as such. On the other hand, incomplete 
sampling of single L dwarf/T dwarf transition objects in our spectral template library may cause 
us to overselect candidates, a possibility for the poorly-fit candidate 2MASS J2139+0220. It is 
in this vein that we encourage follow-up high resolution imaging (or second epoch imaging in the 
cases of 2MASS J1106+2754 and 2MASS J1711+2232) and spectroscopy of the candidates hsted 
in Table [10] to both verify their binary nature and better characterize their components. 



7. Summary 

We have identified 17 candidate brown dwarf binaries whose components straddle the L 
dwarf/T dwarf transition. Their unresolved multiplicity is inferred from similarities in near- infrared 
spectral indices to known binary systems, and statistically significant better fits to near-infrared 
spectra by composite templates as compared to single templates. Ten of these systems appear to 
have secondaries that are brighter than their primaries over the 1-1.3 //m region, by up to ~0.4 mag. 
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consistent with a nonequilibrium depletion of condensate clouds across the L dwarf/T dwarf tran- 
sition. This is despite the fact that our analys is of these systems is based largely on the faint 
absolute magnitude relations of iLiu et al.l (|2006l ). We cannot rule out an even more pronounced 
J-band flux reversal for the sparsely sampled T3-T5 dwarfs. We find that 53=b7% of the T0-T4 
dwarfs in our SpeX spectral sample are resolved or unresolved (candidate) binaries, a rate that is 
consistent with an intrinsic brown dwarf binary fraction of at least 15%, assuming the sample is 
magnitude-limited. We find some evidence of flux reversal variations between similarly-classified 
pairs that may arise from cloud effects, although these must be verified through more accurate char- 
acterization of the components. While the sample of candidate binaries presented here does require 
verification through follow-up high resolution imaging and/or spectroscopic monitoring, it consti- 
tutes a promising collection of coeval laboratories for understanding the atmospheric processes that 
drive the still poorly- understood L dwarf/T dwarf transition. 
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Fig. 1. — Distribution of spectral types for the template sample based on classifications from the 
literature (left) and calculated from the SpeX data (right) . The former are based on optical types 
for L3-L8 dwarfs (where available) and near-infrared types for L9-T8 dwarfs. The distributions 
are roughly consistent with each other and relatively flat for the small number of sources available 
per subtype. 
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Fig. 3. — Comparison of known (resolved) binary spectra (Tabled black lines) to best- fit single templates 
(red lines). Observed data (in F\ flux units) have been normalized to the peak flux in the 1.0-1.3 /im range; 
templates are relatively normalized to minimize deviations. Source names for both the binary and best-fit 
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Fig. 5. — Best-fit composites for the resolved L dwarf/T dwarf binaries shown in Figure [31 In each 
panel, source spectra (black lines, in F\ flux units) are shown normalized to the peak flux in the 1.0- 
1.3 /im range; composites (green lines) are relatively normalized to minimize deviations; primary (red 
lines) and secondary (blue line s) component s pectra are normalized to their respective contribution to the 
composite (based on the faint Liu et al. 20061 relation; see Section 4.1). Noise spectra for candidate data 
are also indicated by grey lines. Component names, literature and index-based spectral types (the latter in 
parentheses) and deviations are listed in the top right corner of each panel. 
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Fig. 6. — Spectral fits to the sources identified as "strong" binary candidates (at least three selection criteria 
satisfied). For each row, the left panel shows the best-fit single template (red lines) compared to the source 
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Fig. 6. — Continued. 



- 32 - 




Fig. 6. — Continued. 
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Fig. 6. — Continued. 



- 34 - 




Fig. 7. — Same as Figure [6] but for "weak" binary candidates (satisfying only 2 selection criteria). 
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Fig. 7. — Continued. 
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Fig. 7. — Continued. 
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Fig. 8.— Spectral fits for SDSS J1039+3256 (top), SDSS J1207+0244 (middle) and 
2MASS J1324+6358 (bottom) based on flux c alibrations with the faint (left) or bright (right) 
absolute magnitude relations of lLiu et al.l (j2006l ). These were the only three sources for which the 
two relations gave statistically distinct residuals. Format is the same as the right panels in 
Figures [6] and [71 
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Fig. 9. — Absolute MKO J magnitudes versus spectral type for L and T dwarfs \ yith parallax mea- 



surem ents. Spectral types are based on optical classific ations for L2-L8 dwarfs (jKirkpatrick et al 



19991 ) and near-infrared classifications for L9-T8 dwarfs (jBurgasser et al.ll2006bl ). Known multiples 
(including the candidate 2MASS J1711-I-2232) and unresolved sources with absolute magnitude 
uncertainties <0.3 mag are indicated as open and filled circles, respectively. Absolute magnitudes 
for the primary (red) and secondar y (blue) components of SPSS J0423-0414, SPSS J1021-0304, 
2MASS J1711+2232 and e Indi BC (jMcCaughrean et al.l[20o3 : burgasser et al.ll2006cl : this paper) 
are also indicated by filled circles and connected to their combined-light magnitude an d spectral 



types (dotted lines). The bright (top) and faint (bottom) absolute magnitude relations of lLiu et al 
(|2006l ) are delineated by solid blue and red lines, respectively. 



Table 1. New SpeX Spectral Observations. 



Source Name 


Opt SpT 


NIR SpT 


2MASS J 


UT Date 


Observer tint (s) 


Slit (") 


Airmass 


Cal Star 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) (7) 


(8) 


(9) 


(10) 



2MASS J00165953-4056541 


L3.5 




15 


32±0 


06 


2008 Sep 7 


AJB 


900 





5 


2 


04 


HD 2339 


2MASS J00193927-3724392 


L3: 




15 


52±0 


06 


2003 Sep 4 


KLC 


720 





8 


1 


26 


HD 9485 


2MASS J0028208+224905 




L7: 


15 


61+0 


07 


2003 Sep 3 


KLC 


600 





8 


1 


09 


HD 198070 


2MASSW J0030300- 145033 


L7 




16 


28±0 


11 


2007 Jul 28 


DLL 


960 





5 


1 


22 


HD 1154 


SDSSp J003259.36+ 141036. 6 




L8 


16 


83±0 


17 


2008 Jul 13 


AJB 


900 





5 


1 


02 


HD 7215 


2MASSW J0051107-154417 


L3.5 




15 


28±0 


05 


2008 Sep 8 


AJB 


960 





5 


1 


24 


HD 1154 


2MASS J00531899-3631102 


L3.5 




14 


45±0 


03 


2008 Sep 7 


AJB 


360 





5 


1 


83 


HD 5061 


SDSSp J010752. 33+004156.1 


L8 


L5.5 


15 


82+0 


06 


2007 Oct 12 


DLL 


1200 





5 


1 


16 


HD 9485 


2MASS J01311838+3801554 


L4: 




14 


68+0 


03 


2003 Sep 3 


KLC 


720 





8 


1 


27 


HD 7215 


2MASS J01550354+0950003 




L5: 


14 


83+0 


04 


2003 Sep 4 


KLC 


360 





8 


1 


05 


BD+18 337A 


DENIS-P J0205.4-1159 


L7 


L5.5±2 


14 


59+0 


03 


2005 Sep 7 


AJB 


720 





5 


1 


42 


HD 13936 


2MASSW J0208236+273740 


L5 




15 


71+0 


06 


2008 Sep 7 


AJB 


600 





5 


1 


11 


HD 19600 


2MASS J03185403-3421292 


L7 




15 


57+0 


06 


2003 Sep 3 


KLC 


1440 





8 


1 


70 


HD 22861 


2MASS J0447430-193604 


L5: 




15 


97+0 


07 


2003 Sep 4 


KLC 


1080 





8 


1 


52 


HD 20423 


2MASS J05161597-3332046 


L3: 




15 


88+0 


06 


2004 Nov 7 


KLC 


720 





5 


1 


75 


HD 31506 


2MASSI J0652307+471034 


L4.5 




13 


51+0 


02 


2004 Nov 7 


KLC 


720 





5 


1 


17 


HD 45105 


SDSS J065405. 63+652805. 4 




L6±l 


16 


14+0 


09 


2008 Jan 8 


AJB 


1440 





5 


1 


46 


HD 38831 


2MASSW J0717163+570543 




L6.5 


14 


64+0 


03 


2008 Jan 8 


AJB 


480 





5 


1 


30 


HD 38831 


SDSS J073922.26+661503.5 




T1.5±l 


16 


82+0 


13 


2008 Jan 9 


AJB 


900 





5 


1 


47 


HD 48049 


SDSS ,1074149.15+235127.5 




T5 


16 


16+0 


10 


2008 Jan 10 


AJB 


1800 





5 


1 


00 


HD 58296 


SDSS ,1074201.41+205520.5 




T5 


16 


19+0 


09 


2008 Jan 10 


AJB 


1800 





5 


1 


02 


HD 58296 


2MASSW J0801405+462850 


L6.5 




16 


28+0 


13 


2008 Jan 12 


AJB 


1500 





5 


1 


13 


HD 63160 


2MASSW J0820299+450031 


L5 




16 


28+0 


11 


2007 Nov 13 


KLC 


900 





5 


1 


11 


HD 71906 


2MASS J08234818+2428577 


L3 




14 


99+0 


04 


2008 Jan 10 


AJB 


480 





5 


1 


03 


HD 74721 


2MASSI J0825196+211552 


L7.5 


L6 


15 


10+0 


03 


2005 Mar 23 


KLC 


1080 





5 


1 


01 


HD 58729 


SDSS J083048.80+012831.1 




T4.5 


16 


29+0 


11 


2008 Jan 10 


AJB 


900 





5 


1 


11 


HD 74721 


2MASSI J0835425-081923 


L5 




13 


17+0 


02 


2004 Nov 8 


KLC 


360 





5 


1 


24 


HD 79752 


SDSS J085234.90+472035.0 




L9.5±l 


16 


18+0 


11 


2008 Jan 9 


AJB 


1200 





5 


1 


13 


HD 63160 


2MASSI J0856479+223518 


L3: 




15 


68+0 


07 


2007 Nov 13 


KLC 


1080 





5 


1 


04 


HD 74721 


SDSSp J085758.45+570851.4 


L8 


L8±l 


15 


04+0 


04 


2008 Jan 8 


AJB 


960 





5 


1 


25 


HD 38831 


SDSS J085834.42+325627.7 




Tl 


16 


45+0 


12 


2008 Jan 9 


AJB 


1200 





5 


1 


05 


HD 71906 


2MASS J09054654+5623117 




L5 


15 


40+0 


05 


2004 Nov 7 


KLC 


720 





5 


1 


36 


HD 71906 


Gliese 337CD 


L8 


TO 


15 


51+0 


08 


2008 Jan 12 


AJB 


900 





5 


1 


03 


HD 74721 



Table 1 — Continued 



Source Name Opt SpT NIR SpT 2MASS J UT Date Observer tf„t (s) Slit (") Airmass Cal Star 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 



2MASfiW TnQ2ni 22-+-S'i1 742 


L6.5 


TOp 


1 c fjq+n 06 

J.^ •\JiJ -l—KJ •\J\J 


2008 Tan 

iiUVJO U dill i7 


AJB 


1200 


0.5 


1 


08 


HD 71006 


SnSfin TnQ2fi1'i 38-l-'iS472n Q 




T4.5 


1 c; qn+n 07 


2007 Nov 1 1 


DLL 


1800 


0.5 




46 


HD 33654 


2MASSW TnQ2QS'^fi+S42Q'i2 


L8 


L7.5 


1 K Kn+O 1 3 


2008 Tan 


AJB 


150 


0.5 




10 


HD 80230 

lll_y O^^iiOC^ 


SnSS Tl 110711 74+1Q'^n^fi2 




L8±1.5 


1 K «7+n 1 R 

-LU. O ( 1 ■ ' - ±\J 


2008 Tan 12 

^KJyjKJ U till 1^ 


AJB 


1500 


0.5 




05 


HD 80230 

lll_y O^y^Ot? 


T1 n'^n9fi 78-1-091 '^rifi 4 




L9.5ilil 


>16.89 


90nS Tan 10 


AJB 


1800 


0.5 


]^ 


10 


TTTl QR781 




L6 




1 ^ 62+0 0"^ 


2008 Tan 1 3 


AJB 


900 


0.5 




86 








Tl 


16 41+0 1 5 


2008 Tan 1 3 


AJB 


1500 


0.5 




22 


HD 80230 

±X1_/ KDfj ^KJij 






L7±l 


1 R 00-1-0 OQ 


900J< Tan 1 9 


AJB 


720 


0.5 


\ 


09 


TTD lOIORO 






L7 


1 c Qa+0 OS 


2008 Tan 10 

^\J\J(J fj Cill -l\J 


AJB 


900 


0.5 


I 


17 


HD 06781 


SDSR 7104829 21+001037 8 




T2.5 


16 50+0 15 


2008 Jan 13 


AJB 


1800 


0.5 


1 


07 


HD 101060 


DENIS-P J1058. 7-1548 


L3 


L3 


14 16+0 04 


2005 Mar 24 


KLC 


720 


0.5 


1 


13 


HD 93346 




L4.5 






2006 Dor 23 


AJB 


720 


0.5 




04 


HD 80230 

lll_y (Jcf A^'J 


2MASSW Til 46345+223053 


L3 




14 1 7+0 03 


2008 Jan 12 


AJB 


360 


0.5 


1 


04 


HD 101060 


SDSS T115553 864-055Q57 5 




L7.5 


15 66+0 08 


2008 Tan 13 


AJB 


900 


0.5 


1 


11 


HD 101060 


2MARS 112070374-3151208 




L3: 


1 c; acj-i-n (17 

X O . ( f T J 1 l_/ . \_f 1 


2008 Tan 


AJB 


960 


0.5 




62 


HD 105370 

J.J.J-' 1 WOO 1 £7 


RnSS 1121051 45+312840 4 




L8 


1 1: Qi -i-n no 


2006 Der 24 


AJB 


900 


0.5 




08 


HD 00066 


1)F,NTS-P 11228 2-1547 


L5 


L6±2 


1 4 38+n 03 


2008 Tan 14 


AJB 


1200 


0.5 




28 


HD 1 05764 

iii_y _Luo 1 


2MASSW 11230272+551537 


L5 




1 4 71 +0 03 


2008 Tan 1 1 


AJB 


480 


0.5 


X 


23 


HD 00066 


SDSSp J132629.82-003831.5 


L8: 


L5.5 


16.10±0.07 


2005 Mar 24 


KLC 


1080 


0.5 


1 


28 


HD 111744 


SDSS J133148.92-011651.4 


L6 


L8±2.5 


15.46±0.04 


2008 Jan 14 


AJB 


1500 


0.5 


1 


12 


HD 123233 


2MASS J13571237-I-1428398 


L4: 




15.58±0.06 


2005 Mar 24 


KLC 


1080 


0.5 


1 


05 


HD 121880 


SDSS J140023. 12+433822.3 




L7±l 


16.30±0.09 


2008 Jul 13 


AJB 


1200 


0.5 


1 


13 


HD 128039 


2MASS J14075361+1241099 


L5 




15.38±0.06 


2008 Jul 30 


AJB 


900 


0.5 


1 


17 


HD 122945 


SDSS J141530.05+572428.7 




T3±l 


16.73±0.16 


2008 Jul 14 


AJB 


1500 


0.5 


1 


46 


HD 116405 


2MASS J14283132-I-5923354 




L4 


14.78±0.04 


2003 Sep 5 


KLC 


360 


0.8 


1 


70 


HD 145454 


2MASSW J1448256+103159 




L3.5 


14.56±0.03 


2005 Mar 23 


KLC 


900 


0.5 


1 


03 


HD 124773 


SDSS J151114.66-I-060742.9 




T0±2 


16.02±0.08 


2007 Jul 28 


DLL 


960 


0.5 


1 


15 


HD 136831 


2MASSW J1515008+484742 


L6 


L6 


14.11±0.03 


2003 Sep 5 


KLC 


360 


0.8 


1 


45 


HD 145454 


SDSS J151506. 11+443648.3 




L7.5±1.5 


16.58+0.15 


2008 Jul 14 


AJB 


900 


0.5 


1 


24 


HD 143187 


SDSS J151603.03+025928.9 




TO: 


17.23+0.20 


2008 Jul 13 


AJB 


1440 


0.5 


1 


19 


HD 136831 


SDSS J151643. 01+305344.4 




T0.5±l 


16.85+0.15 


2008 Jul 12 


AJB 


1050 


0.5 


1 


24 


HD 127304 


SDSS J152039.82+354619.8 




T0±1 


15.54+0.06 


2008 Jul 12 


AJB 


900 


0.5 


1 


15 


HD 127304 


SDSS J152103.24+013142.7 




T2: 


16.40+0.10 


2008 Jul 13 


AJB 


1440 


0.5 


1 


36 


HD 136831 



Table 1 — Continued 



Source Name 


Opt SpT 


NIR SpT 


2MASS J 


UT Date 


Observer 


Unt (s) 


Slit (") 


Airmass 


Cal Star 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(J) 


(8) 


(9) 


(10) 


Gliese 584C 


L8 


L8 


16.06+0.10 


2008 May 8 


AJB 


900 


0.5 


1.05 


HD 140729 


2MASSI J1534498-295227 


T6 


T5.5 


14.90+0.05 


2006 Mar 12 


AJB 


1800 


0.8 


1.55 


HD 138295 


DENIS-P .1153941.96-052042.4 


L4: 


L2 


13.92+0.03 


2008 Jul 14 


AJB 


360 


0.5 


1.11 


HD 137873 


SDSS J154009. 36+374230.3 




L9±1.5 


16.56+0.14 


2008 Jul 30 


AJB 


1440 


0.5 


1.40 


HD 140729 


2MASS J15461461+4932114 




T2.5±l 


15.90+0.07 


2008 Jul 12 


AJB 


600 


0.5 


1.50 


HD 143187 


2MASSI J1553022+153236 




T7 


15.83+0.07 


2006 Apr 8 


AJB 


1440 


0.5 


1.17 


HD 140729 


SDSS J163030.53+434404.0 




L7±1.5 


16.63+0.14 


2008 Jul 13 


AJB 


1200 


0.5 


1.38 


HD 1533415 


SDSS J163239.34+415004.3 




Tl: 


17.08+0.22 


2008 Jul 14 


AJB 


1200 


0.5 


1.14 


HD 143187 


2MASS J16452207+3004071 


L3 




15.19+0.04 


2008 Jul 13 


AJB 


480 


0.5 


1.70 


HD 1533415 


SDSS J165329. 69+623136.5 


L3 




15.09+0.05 


2008 Jul 30 


AJB 


480 


0.5 


1.67 


HD 143187 


DENIS-P J170548.38-051645.7 




L4 


13.31+0.03 


2004 Sep 7 


AJB 


540 


0.5 


1.30 


HD 159415 


2MASSI J1711457+223204 


L6.5 




17.09+0.18 


2008 Sep 7 


AJB 


1500 


0.5 


1.05 


HD 165029 


2MASS J17461199+5034036 




L5 


15.10+0.06 


2003 Sep 4 


KLC 


720 


0.8 


1.26 


HD 172728 


2MASS J17502484^0016151 




L5.5 


13.29+0.02 


2007 Sep 16 


AJB 


540 


0.5 


1.07 


HD 161289 


2MASS J19285196-4356256 


L5 




15.20+0.04 


2008 Sep 8 


AJB 


1320 


0.5 


2.28 


HD 186216 


2MASS J20343769+0827009 


L3 




14.46+0.03 


2008 Jul 29 


AJB 


600 


0.5 


1.05 


HD 189920 


2MASS J20360316+1051295 


L3 




13.95+0.03 


2008 Jul 29 


AJB 


540 


0.5 


1.02 


HD 189920 


SDSS J204317.69-155103.4 




L9 


16.63+0.16 


2008 Jul 12 


AJB 


1440 


0.5 


1.23 


HD 200604 


SDSS J204749.61-071818.3 




TO: 


16.95+0.20 


2008 Jul 13 


AJB 


1200 


0.5 


1.16 


HD 203769 


SDSS J205235.31-160929.8 




Tl±l 


16.33+0.12 


2008 Jul 12 


AJB 


1200 


0.5 


1.27 


HD 200604 


2MASSW J2101154+175658 


L7.5 




16.85+0.17 


2008 Jul 12 


AJB 


1200 


0.5 


1.06 


GSC 02716-02882 


iMAbbl ,12104149-103736 


L3 




13.84+0.03 


2003 Sep 5 


KLC 


240 


0.8 


1.05 


HD 198070 


2MASS J21373742+0808463 


L4: 




14.77+0.03 


2007 Nov 14 


KLC 


1080 


0.5 


1.37 


HD 208108 


2MASS J21395208+2148397 


L3; 




15.88+0.07 


2003 Sep 3 


KLC 


720 


0.8 


1.02 


HD 198070 


SDSS J214046.55+011259.7 


L3 




15.89+0.08 


2008 Sep 8 


AJB 


900 


0.5 


1.14 


HD 196442 


2MASS J21420580-3101162 


L3 




15.84+0.07 


2008 Sep 8 


AJB 


1440 


0.5 


1.69 


HD 200835 


2MASS J22120703+3430351 




L5: 


16.32+0.10 


2003 Sep 4 


KLC 


2160 


0.8 


1.10 


HD 210290 


2MASSW J2224438-015852 


L4.5 


L3.5 


14.07+0.03 


2003 Sep 5 


KLC 


360 


0.8 


1.10 


HD 215143 


2MASS ,122425317+2542573 


L3 




14.81+0.04 


2008 Jul 12 


AJB 


720 


0.5 


1.05 


GSC 01149-00254 


2MASS ,123254530+4251488 


L8 




15.49+0.05 


2003 Aug 12 


KLC 


720 


0.8 


1.09 


HD 6574 


2MASS J2325560-025950 


L3: 




15.96+0.08 


2003 Sep 3 


KLC 


1440 


0.8 


1.26 


HD 213030 


2MASS J23392527+3507165 




L3.5 


15.36+0.05 


2003 Sep 4 


KLC 


720 


0.8 


1.16 


HD 210290 
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Table 2. Spectral Templates. 



Source Name 


Opt SpT 


NIR SpT 


SpeX SpT 


2MASS J 


J-Ks 


Ref^ 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 



SDSS J000013.54+255418.6 




T4.5 


T4.5 


15, 


,06+0, 


,04 


0.23+0.13 


1; 2,1 


2MASSI J0013578-223520 


L4 




L3.5 


15, 


,78+0, 


,07 


1.74+0.08 


3; 4 


2MASS J00165953-4056541 


L3.5 




L4.5±l 


15, 


,32+0, 


,06 


1.88+0.07 


3; 5 


2MASS J00193927-3724392 


L3: 




L3.5±l 


15, 


,52+0, 


,06 


1.83+0.08 


3; 6 


2MASS J0028208+224905'^ 




L7: 


L5.0 


15, 


,61+0, 


,07 


1.83+0.10 


3; 6 


2MASSW J0030300- 145033'* 


L7 




L4.5+2 


16, 


,28+0, 


,11 


1.80+0.15 


3; 7 


SDSSp J003259.36+141036.6 




L8 


L7.5 


16, 


,83+0, 


,17 


1.88+0.20 


3; 8 


2MASS J00345157+0523050 




T6.5 


T6.5 


15, 


,54+0, 


,05 


<-0.71 


9; 9,1 


2MASSW ,10036159+182110 


L3.5 


L4±l 


L4.0 


12, 


,47+0, 


,03 


1.41+0.03 


10; 11,7,2 


HD 365 IB 




T7.5 


T8.0 


16, 


,16+0, 


,03 


-0.71+0.06 


12; 13,14 


2MASS J00501994-3322402 




T7 


T6.5 


15, 


,93+0, 


,07 


0.69+0.20 


15; 16,1 


2MASSW J0051107-154417 


L3.5 




L5.0+1 


15, 


,28+0, 


,05 


1.81+0.06 


3; 7 


2MASS J00531899-3631102 


L3.5 




L4.0 


14, 


,45+0, 


,03 


1.51+0.04 


3; 5 


2MASSI J0103320+193536 


L6 




L6.0 


16, 


,29+0, 


,08 


2.14+0.10 


17; 7 


SDSSp J010752.33+004156.ld 


L8 


L5.5 


L6.0 


15, 


,82+0, 


,06 


2.12+0.07 


3; 8,18,2 


SDSS J011912.22+240331.6<^ 




T2 


T2.5 


17, 


,02+0, 


,18 


<-0.02 


23; 23 


2MASS J01311838+3801554d 


L4: 




L1.5 


14, 


,68+0, 


,03 


1.63+0.05 


3; 19 


IPMS J013656.57+093347.3 




T2.5 


T2.0 


13, 


,46+0, 


,03 


0.89+0.04 


10; 20 


2MASS J01443536-0716142 


L5 




L4.5 


14, 


,19+0, 


,03 


1.92+0.03 


10; 21 


SDSS ^15141.69+124429.6*^ 




Tl 


TO.0+1 


16, 


,57+0, 


,13 


1.38+0.23 


9; 8,1 


2MASS J01550354+0950003 




L5: 


L5.0 


14, 


,83+0, 


,04 


1.69+0.05 


3; 6 


2MASSW J0205034+125142 


L5 




L5.5 


15, 


,68+0, 


,06 


2.01+0.07 


22; 7 


SDSS J020608.97+223559.2 




L5.5 


L6.0 


16, 


,56+0, 


,11 


1.39+0.17 


23; 23 


2MASSW J0208236+273740 


L5 




L5.0 


15, 


,71+0, 


,06 


1.84+0.08 


3; 7 


2MASSI J0243137-245329 




T6 


T6.0 


15, 


,38+0, 


,05 


0.16+0.18 


9; 24,1 


SDSS J024749.90-163112.6'' 




T2±1.5 


T2.5+1 


17, 


,19+0, 


,18 


1.57+0.27 


23; 23 


DENIS-P J0255-4700 


L8 


L9 


L9.0+2 


13, 


,25+0, 


,03 


1.69+0.04 


1; 25,5,1 


2MASS J02572581-3105523 


L8 




L6.0 


14, 


,67+0, 


,04 


1.80+0.05 


26; 5 


2MASS J03185403-3421292 


L7 




L6.5 


15, 


,57+0, 


,06 


2.06+0.07 


3; 5 


SDSS J032553.17+042540.1 




T5.5 


T5.5 


16, 


,25+0, 


,14 


<-0.27 


23; 23 


2MASSI J0328426+230205 


L8 


L9.5 


L9.0+1 


16, 


,69+0, 


,14 


1.78+0.18 


10; 7,2 


SDSS J035104.37+481046.8'= 




Tl+1.5 


Tl.5+1 


16, 


,47+0, 


,13 


1.47+0.18 


23; 23 


2MASS J04070885+1514565 




T5 


T5.5 


16, 


,06+0, 


,09 


0.13+0.28 


9; 9,9 


2MASSI J0415195-093506 


T8 


T8 


T8.0 


15, 


,70+0, 


,06 


0.27+0.21 


9; 24,27,1 


2MASSI J0439010-235308 


L6.5 




L6.0 


14, 


,41+0, 


,03 


1.59+0.04 


28; 29 


2MASS J0447430-193604 


L5: 




L4.0+1 


15, 


,97+0, 


,07 


1.96+0.08 


3; 6 


2MASS J05103520-4208140 




T5 


T5.5 


16, 


,22+0, 


,09 


0.23+0.30 


30; 30 


2MASS J05160945-0445499 




T5.5 


T5.5 


15, 


,98+0, 


,08 


0.50+0.22 


10; 31,1 


2MASS J05161597-3332046 


L3; 




L4.5+1 


15, 


,88+0, 


,06 


1.89+0.07 


3; 6 


2MASS J05591914- 1404488 


T5 


T4.5 


T4.5 


13, 


,80+0, 


,02 


0.23+0.06 


1; 327,1 


2MASS J06020638+4043588 




T4.5 


T4.5 


15, 


,54+0, 


,07 


0.38+0.18 


30; 30 


2MASS J06244595-4521548 


L5: 




L5.0 


14, 


,48+0, 


,03 


1.88+0.04 


26; 33 


2MASSI J0652307+471034 


L4.5 




L6.5 


13, 


,51+0, 


,02 


1.82+0.03 


3; 29 


SDSS J065405.63+652805.4 




L6±l 


L5.0 


16, 


,14+0, 


,09 


1.54+0.12 


3; 23 
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Table 2 — Continued 



Source Name 


Opt SpT 


NIR SpT 


SpeX SpT 


2MASS 


J 


J-K, 


Ref^ 


(1) 


(2) 


(3) 


(4) 








(6) 


(7) 


JMAbbW JU7171do+o7Uo4cS 




L6.5 


L5.0 


14 


64±0 


03 


1 cc\ 1 n r\ A 

1.69+0.04 


3; 34 


2MAboi JU7z71oz+17iUUl 


T8 


T7 


T7.0 


15 


60+0 


06 


n n ,1 1 n on 

0.U4+0.20 


15; 24,27,1 


bUbb JU7o9z2.2b+DDloUo.o 




T1.5±l 


T2.0 


16 


82±0 


13 


n nn i n oo 

0.99+0.22 


3; 23 


bJJbb JU74i4y.l5+zooiz7.0 




15 


T5.5 


16 


16±0 


10 


<0.31 


3; 2,1 


sUbb JU74JU1.41+2Uo52U.o 




T5 


T5.0 


16 


19±0 


09 


<0.97 


3; 2,1 


zMAbbl JU7o54oU+z21218 


T6 


T5 


T5.0 


15 


73±0 


06 


n no 1 n oo 

-0.03+0.22 


1; 24,27,1 


bDbb J07584u.d3+32472d.4 




T2 


T2.5 


14 


95+0 


04 


1 n ^ 1 n n ^ 

1.07+0.07 


10; 2,1 


zMAbbW JUoU14U5+4dz55U 


L6.5 




L5.5 


16 


28+0 


13 


1.74±U.i7 


3; 7 


zMAbbW JUozUzyy+4oUUoi 


bo 




L4.5i2 


16 


28+0 


11 


z.Uo±U.io 


3; 7 


iMAbb J082o4818+2428577 


L3 




LI. 5 


14 


99+0 


04 


1 r*-\ 1 n n r" 

1.51+0.05 


3; 33 


OA yTAOCT TnOOCI 1 01 1 C CO 

JMAbbl JUo2o19d+2115oz 


L7.5 


L6 


L7.0 


15 


10+0 


03 


nT \ f\ r\ A 

2.07+0.04 


3; 7,2 


bUbb JUooU4o.8U+U12odl.l 




T4.5 


T5.0 


16 


29+0 


11 


<-0.07 


3; 2,1 


oJJobp JU80UU8. 12+482847.4 


L8 


L9±l 


L9.5±l 


15 


44+0 


05 


1.77+0.06 


10; 8,5 


bUbb JU8JoUo.lo+iy5oU4.4 




L4.5 


L6.0 


16 


09+0 


08 


1 TT 1 n nn 

1.77+0. 09 


23; 23 


zMAbbi JUoo54z5-Uoi9io 


L5 




L5.0 


13 


17+0 


02 


no 1 n no 

2.03+0.03 


3; 29 


T~~\ 00 TriocTiii^ on 1 TOM "7 on n 

bUbb JUoolio.zU+lol7oU.() 




L4.5±1.5 


L5.5±l 


16 


57+0 


12 


"1 r'n 1 n 1 1^ 

I.dO+0.16 


23; 23 


1~\ TnocoOii nn i ^I'vonoc n 

bUbb JU852d4.9U+472Uo5.U 




L9.5±l 


L9.0±l 


16 


18+0 


11 


1.46+0.16 


3; 2 


bUbbp JU857o8.4o+o7U8ol.4" 


L8 


L8±l 


L8.5 


15 


04+0 


04 


no 1 n nc 

2.08+0.05 


3; 8,5 


bDbb JUo5oo4.42+d2oo27.7 




Tl 


iU.U±2 


16 


45+0 


12 


1 ^rn 1 n 1 c 

1.70+0.15 


23; 23 


OA T A CO Tnoi^C: ACtVi A 1 CCOOII'7 

2MAbb JU9Uo4o54+OD2cill7 




L5 


L6.0 


15 


40+0 


05 


1 £?T 1 n n£j 


3; 33 


zMAbbi JUyUoooU+oUozUo 




T n_L 1 


L6.0 


14 


55+0 


02 


i.DU±U.U4 


0^. on n 
26; 2y,z 


OT~~\oo '\ r\c\r\c\r\r\ to i u ct o ct o t oc 

bUbb JU9U9UU.7o+Do2o27.2 




T1.5 


T1.5 


16 


03+0 


09 


n o£? 1 n 1 '7 


23; 23 


zMAoo Vv JUyz9ooDH-o4z9oz 


T Q 

L8 


L7.5 


L ( .5 


16 


60+0 


13 


1 n(^_Ln 1 
i.ybiU.lb 


3; 7,2 


OAT A COT Tnno'70/iT 1 onoi ^o 

2MAbbl JU9o7o47+29ol42 


T7 


T6p 


T5.5 


14 


65+0 


04 


n ^?o 1 n 1 

-0.62+0.13 


1 cr . /I OT 1 

15; 24,27,1 


OA J A 00 TOO A (\r\oc!r\ 1 rr/(rry(orrC 

JMAbb J U949U8dU- 1545485 




T2 


T1.5±l 


16 


15+0 


12 


n no 1 n on 

U.9z±U.2U 


1; 16,1 


bJJbb JiUU/ii. (4+iyoUOD.Z 




T Q_l_1 C 


L9.5 


16 


87+0 


16 


i.o / ±U.i9 


3; 23 


oA/f A 00 T innTooi^n ,icrcrcri /I'r 

2MAbb J 1UU7Jod9-4555147 




T5 


T5.5 


15 


65+0 


07 


n nn i n o /i 

0.09+0.24 


30; 30 


oA/TAOOT Tinini/io n a n/j i n 

zMAbbi J 1U1U145-U4Ud49 


L6 




L5.0 


15 


51+0 


06 


1 on 1 n n'7 

1.89+0.07 


22; 29 


F"* T1 n n to i noi on^? A 

bUbb JlUoU2D.78+U21dUD.4 




L9.5±l 


L9.0±l 


17 


10+0 


05** 


1 /loin nTR 

1.43+0.07 


3; 2 


2MASSW J1036530-344138 


L6 




L6.5 


15 


62+0 


05 


1.82+0.06 


3; 35 


SDSS J103931.35+325625.5« 




Tl 


T1.5 


16 


41+0 


15 


1.25+0.22 


3; 23 


SDSS J104335.08+121314.1 




L7±l 


L8.0 


16 


00+0 


09 


1.74+0.11 


3; 23 


2MASS ,110430758+2225236 


L8 




L9.0±l 


15 


97+0 


07 


1.97+0.08 


26; 19 


SDSS J104409.43+042937.6 




L7 


L7.0 


15 


88+0 


08 


1.62+0.12 


3; 2 


2MASSI J1047538+212423 


T7 


T6.5 


T6.0 


15 


82+0 


06 


<-0.59 


10; 36,27,1 


SDSS J104829.21+091937.8 




T2.5 


T2.5 


16 


59+0 


15 


<0.23 


3; 23 


DENIS-P J1058.7-1548 


L3 


L3 


L3.0 


14 


16+0 


04 


1.62+0.05 


3; 37,38,2 


2MASS J10595185+304205 




T4 


T4.0 


16 


20+0 


09 


0.64+0.20 


39; 39 


2MASS J11000965+4957470 




L3.5 


L3.5 


15 


28+0 


04 


1.81+0.05 


26; 33 


2MASSI J1104012+195921 


L4 




L5.5 


14 


38+0 


03 


1.43+0.04 


9; 29 


2MASS 111061197+2754225'= 




T2.5 


T2.0 


14 


82+0 


04 


1.02+0.07 


30; 30 


2MASS J11145133-2618235 




T7.5 


T7.5 


15 


86+0 


08 


<-0.25 


15; 16,1 


2MASS J11220826-3512363'' 




T2 


T2.0 


15 


02+0 


04 


0.64+0.08 


1; 16,1 


SDSS J115553.86+055957.5 




L7.5 


L7.0 


15 


66+0 


08 


1.54+0.11 


3; 2 



Table 2 — Continued 



Source Name 


Opt SpT 


NIR SpT 


SpeX SpT 


2MASS J 


J-K, 


Ref^ 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 



SDSS J120602.51+281328.7'= 




T3 


T3.0 


16 


54±0 


11 




<0.72 


23; 23 


SDSS J120747. 17+024424.8'= 


L8 


TO 


TO.O 


15 


58±0 


07 


1 


59+0.09 


30; 18,1 


2MASS J12070374-3151298 




L3: 


L2.5 


15 


85±0 


07 


1 


85+0.09 


26; 33 


2MASS J12095613-1004008'' 




T3 


T3.0 


15 


91±0 


07 





85+0.16 


9; 9,1 


SDSS J121440.95+631643.4t' 




T3.5±l 


T4.0 


16 


59±0 


12 





71+0.26 


23; 23 


2MASSI J1217110-031113 


T7 


T7.5 


T7.5 


15 


86±0 


06 




<-0.03 


15; 36,27,1 


SDSS J121951. 45+312849.4 




L8 


L9.5 


15 


91+0 


08 


1 


61+0.11 


3; 23 


2MASS J12314753+0847331 




T5.5 


T6.0 


15 


57+0 


07 





35+0.21 


9; 9,1 


2MASS J12373919+6526148 


T7 


T6.5 


T6.5 


16 


05+0 


09 




<-0.01 


54; 36,27,1 


SDSSp J125453.90-012247.4'' 


T2 


T2 


T2.0 


14 


89±0 


04 


1 


05+0.06 


9; 40,27,1 


SDSSp J132629.82-003831.5 


L8: 


L5.5 


L6.0±2 


16 


10±0 


07 


1 


90+0.10 


3; 41,2 


SDSSp J134646.45-003150.4 


T7 


T6.5 


T6.0 


16 


00±0 


10 





23+0.29 


15; 42,27,1 


2MASS J13571237+1428398 


L4: 




L3.0±l 


15 


58±0 


06 


1 


70+0.07 


3; 6 


SDSS J135852.68+.'^71711.9 




T4.5±l 


T5.0 


16 


46+0 


09 




<0.36 


23; 23 


SDSS J140023. 12+ 133822.3'^ 




L7±l 


L5.0 


16 


30+0 


09 


1 


81+0.12 


3; 23 


2MASS J14075361+1241099 


L5 




L5.0 


15 


38+0 


06 


1 


78+0.07 


3; 33 


SDSS J141530.05+572428.7'= 




T3±l 


T3.0±l 


16 


73±0 


16 




<1.19 


3; 23 


2MASS J14283132+5923354 




L4 


L4.5 


14 


78±0 


04 


1 


52+0.05 


3; 33 


SDSS J143553.25+112948.6° 




T2±l 


T2.5±l 


17 


14+0 


23 




<0.23 


23; 23 


SDSS J143945.86+304220.6'^ 




T2.5 


T2.5 


17 


22+0 


23 




<1.34 


23; 23 


2MASSW J1448256+103159'i 


L4: 


L3.5 


L7.0 


14 


56+0 


03 


1 


87+0.05 


3; 33,34 


Glicsc r570D 


T7 


T7.5 


T7.5 


15 


32+0 


05 





08+0.16 


9; 43,27,1 


2MASS ,115031961+2525196 


T6 


T5 


T5.5 


13 


94+0 


02 


-0.03+0.06 


9; 44,27,1 


2MASSW J1506544+132106 


L3 




L4.0 


13 


37+0 


02 


1 


62+0.03 


28; 45,45 


2MASSW J1507476-162738 


L5 


L5.5 


L5.0 


12 


83+0 


03 


1 


52+0.04 


28; 7,2 


SDSS J151506. 11+443648.3 




L7.5±1.5 


L7.0 


16 


,58+0 


15 


1 


83+0.20 


3; 23 


2MASSW ,11515008+484742 


L6 


L6 


L5.5 


14 


11+0 


03 


1 


61+0.04 


3; 34,19 


SDSS 1151603.03+025928.9'= 




TO: 


L9.5±l 


17 


23+0 


20 


1 


80+0.27 


3; 2,1 


SDSS J152039.82+354619.8d 




T0±1 


L7.5 


15 


54+0 


06 


1 


54+0.08 


3; 23 


SDSS J152103.24+013142.7 




T2: 


T2.5 


16 


40±0 


10 


1 


05+0.20 


3; 2,1 


Gliese 584C 


L8 


L8 


L7.5 


16 


06±0 


10 


1 


71+0.12 


3; 7,8 


2MASSI J1526140+204341 


L7 




L5.5 


15 


59+0 


06 


1 


66+0.08 


9; 7 


DENIS-P J153941. 96-052042. 4 


L4: 


L2 


L4.0 


13 


92+0 


03 


1 


35+0.04 


3; 46,5 


SDSS J154009. 36+3742.30.3 




L9±1.5 


L9.0±l 


16 


56+0 


14 


1 


82+0.16 


3; 23 


2MASS J15461461+4932114 




T2.5±l 


T3.0 


15 


90+0 


07 




<1.00 


3; 47 


2MASSI J1546291-332511 




T5.5 


T5.5 


15 


63+0 


05 





15+0.19 


10; 24,1 


2MASS J16150413+1340079 




T6 


T6.0 


16 


35+0 


09 




<0.49 


30; 30 


SDSSp J162414.37+002915.6 




T6 


T6.0 


15 


49+0 


05 




<-0.02 


15; 48,1 


SDSS J163030.53+434404.0 




L7±1.5 


L7.5 


16 


63+0 


14 


1 


98+0.16 


3; 2 


2MASSW ,11632291+190441 


L8 


L8 


L7.0 


15 


87+0 


07 


1 


86+0.08 


28; 38,1 


SDSS 1163239.34+415004.3*" 




Tl: 


Tl.O 


17 


08+0 


22 




<1.33 


3; 2,1 


SDSS ,1163359.2.3-064056.5 




L6 


L5.5 


16 


14+0 


09 


1 


59+0.13 


23; 23 


2MASS J 16452207+3004071 


L3 




L1.5 


15 


19+0 


04 


1 


60+0.05 


3; 19 


SDSS J165329.69+623136.5 


L3 




Ll.O 


15 


09+0 


05 




<1.02 


3; 18 
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Table 2 — Continued 



Source Name 


Opt SpT 


NIR SpT 


SpeX SpT 


2MASS 


J 


J-K, 




Ref 


(1) 


(2) 


(3) 


(4) 




(5) 




(6) 




(7) 


DENIS-P J170548.38-051645.7'^ 


L0.5 


L4 


Ll.O 


13 


31±0 


03 


1.28+0.04 


3 


33,46 


2MASSI J1711457+223204'=''' 


L6.5 




L9.0±3 


1 'y 
i / 


09+0 


18 


2.36+0.20 


3 


7 


2MASS J17461199+5034036 




L5 


L5.0 


15 


10+0 


06 


1.57+0.07 


3 


33 


SDSSp J175032.96+175903.9 




T3.5 


T3.0 


16 


34+0 


10 


0.86+0.21 


9 


8,1 


SDSS J175024.01+422237.8'' 




T2 


T1.5 


16 


y|'7_l_n 

47±0 


10 


0.98+0.20 


1 


2,1 


2MASS J17502484-0016151 




L5.5 


L6.5 


13 


29+0 


02 


1.44+0.03 


3 


49 


2MASS J1754544+164920 




T5 


T5.5 


1 


/OitU 


09 


<0.97 


10; 50 


SDSS J175805. 46+463311. 9 




T6.5 


T6.5 


1 ft 
Id 


loitU 


09 


0.69+0.21 


15; 2,1 


2MASS J18283572-4849046 




T5.5 


T5.5 


1 

lo 


1 Q_l_n 


06 


-0.01+0.15 


9 


9,1 


2MASS J19010601+4718136 




T5 


T5.0 


15 


86+0 


07 


0.22+0.29 


9 


9,1 


2MASS J19285196-4356256 


L5 




L5.5 


15 


20+0 


04 


1.74+0.06 


3 


33 


SDSS J202820.32+005226.5 


L3 




L2.0 


1 A 

14 


30+0 


04 


1.51+0.05 


9 


18 


2MASS J20343769+0827009<* 


L3 




L0.5 


1 A 

14 


4d±0 


03 


1.38+0.05 


3 


33 


2MASS J20360316+1051295 


L3 




L3.5 


13 


95+0 


03 


1.50+0.04 


3 


33 


SDSS J204317.69-155103.4 




L9 


L9.0+1 


Id 




16 


1.22+0.27 


3 


23 


SDSS 1204749.61-071818.3'^ 




TO: 


L7.5 


16 


95+0 


20 


<1.96 


3 


2,1 


SDSS J205235.31-160929.8>= 




Tlitl 


TO.Oitl 


16 


33+0 


12 


1.21+0.19 


3 


23 


2MASSI J2 104149- 103736 


L3 




L2.0 


13 


84+0 


03 


1.47+0.04 


3 


29 


SDSS ,1212413.89+010000.3 




T5 


T5.0 


16 


03+0 


07 


<-0.11 


1 


2,1 


SDSS ,1213154.43-011939.3 




L9 


L8.5±l 


17 


40+0 


26 


1.84+0.34 


23; 23 


2MASS J21321145+1341584 


L6 




L5.0 


15 


80+0 


06 


1.96+0.08 


26; 19 


2MASS J2 1373742+0808463 


L5; 




L5.0 


1 A 
14 


'7'7_l_n 


03 


1.76+0.04 


3 


33 


2MASS J21392676+0220226'= 


TO 


T1.5 


T2.5±l 


15 


zD±0 


05 


1.68+0.07 


1 


33,1 


2MASS J21395208+2148397 


L3: 




L2.0 


15 


88+0 


07 


1.82+0.10 


3 


6 


SDSS J214046.55+011259.7 


L3 




L4.5 


15 


89+0 


08 


1.47+0.11 


3 


18 


2MASS J21420580-3101162 


L3 




L2.0 


15 


84+0 


07 


1.88+0.08 


3 


51 


HN Peg B'' 




T2.5 


T3.0 


1 

lo 


oDitU 


03 


0.74+0.04 


14; 14 


2MASS ,I21512,543-2441000<^ 


L3 




L5.0 


15 


75+0 


08 


2.10+0.09 


10; 51,19 


2MASS J21513839-4853542 




T4 


T4.0 


15 


73+0 


07 


0.30+0.20 


1 


52,1 


zMAoo Jzio4ooio+oy4zio/ 




i 


io.o 


15 


66+0 


U7 


<0.32 


30; 30 


2MASS J21542494^1023022 




T4.5 


T4.5 


16 


42+0 


12 


<-0.62 


30; 30 


2MASS J21580457-1550098 


L4: 




L5.0 


15 


04+0 


04 


1.85+0.05 


55; 5 


2MASS J22120703+3430351 




L5: 


L5.5 


16 


32+0 


10 


1.95+0.12 


3 


33 


2MASSW J2224438-015852 


L4.5 


L3.5 


L4.5=bl 


14 


07+0 


03 


2.05+0.04 


3 


7,2 


2MASS J22282889-4310262 




T6 


T6.0 


15 


66+0 


07 


0.37+0.22 


9 


31,1 


2MASS J22425317+2542573 


L3 




L1.5 


14 


81+0 


04 


1.76+0.05 


3 


53,19 


2MASSI J2254188+312349 




T4 


T4.0 


15 


26+0 


05 


0.36+0.15 


9 


24,1 


2MASS J23254530+4251488 


L8 




L7.5±l 


15 


49+0 


05 


1.73+0.07 


3 


19 


2MASS J2325560-025950 


L3; 




LS.Oibl 


15 


96+0 


08 


1.8,5+0.10 


3 


6 


2MASS J23312378-4718274 




T5 


T5.0 


15 


66+0 


07 


0.27+0.21 


9 


9,1 


2MASSI J2339101+135230 




T5 


T5.0 


16 


24+0 


11 


0.09+0.33 


1 


24,1 


2MASS J23392527+3507165 




L3.5 


L4.5 


15 


36+0 


05 


1.77+0.07 


3 


33 


2MASSI J2356547-155310 




T5.5 


T5.5 


15 


82+0 


06 


0.05+0.19 


1 


24,1 



''Data reference followed by references for discovery, optical spectral type and near-infrared spectral type, where 
available. 
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^'Source satisfied one spectral index selection criterion, used as a template for spectral fitting. 

'^Source satisfied two or more spectral index selection criteria (Table [7]l and not used as a template for spectral 
fitting. 

'^Optical, near-infrared and/or SpeX classifications deviate by two subtypes or more. 

'^Undetected in 2MASS; photometry on the Mauna Kea Observatory (MKO) system llKnapp et al.ll2004l) . 



References. — (1) iBureasser et ahl ll2006bh : (2) iKnapp et al] (12004) ; (3) This paper ; (4) 
(5) iKirkpatrick et al.l ||2008|) ; (6) K. Cruz, in preparation ; (7) iKirkpatrick et al.l l2000h : 
^9) Burga sser et al.l 120041) 7 (10) 'Burgasser et al. l' 2008al') ; (11) iReid et al.l 1 I2OOC h (12) [b 
(14) Luhman et al. ( 2007|)_; (15) iBurgasser et al.l l2006al') ; (16) 



[Mu grauer et al 



lll999|) 



(30) 
(341 



, , , , % , , T 

(17) ICruz et a.1.1 ll2004h ; (18) fSchneider et al.l hofm: (19) ICruz et al.N2007l); f20') lArtigau et al.l ll2006f); (21) 
iLiebert et al.l ||2003|'); (22')|Reid et al.l ||2()06|'); (23')IChiu et^al] ll2006l ') : (2 4) IBurgasser et al.l ll2002al); (25)rMartm et al.l 



Kendall et al. 1 2003 ) 



Geballe et al. . 

hOOjd): 



20021) : 



, - - (13 ) 

Tinnev et al] ll 200d) : 

(20) lArtigau et al.l bool); (21) 



(26) ISiegler et al.l (l2007t); (27) IBurgasser et al.l (l2003d); (28) iBurgasseJ ||2~ 
Looper et al.l ||2007^; (31) IBurgasser et al.l l l2003dl); (32) IBurg asser et al.l ll2000c 



Cruz et al.l 12003): 



Wilson et al ]J2003); (35) Gizis (2002); (36) IBurgasser et ah (199 9); (37) IPelfosse et al 



(42) 
(46) 
A 



Tsvetanov et al.l (200 0): (4 3) Burgasser et al.. (.20 00 
Kendall et al. niooi); (47) iMetche" et al. 



X, in preparati on; (51) 

iLiebert fc Burgassej (l2007f) : (55) J. 



Burga 



■ ]20o! 
Li^ber^^Gizi^ 

D. Kirkpatrick, in preparation 



; (44) IBurgasser et al.rf2003cr): (45) ICizis et ah! 



Reid et al ^ 
(I1997I) : 



20081) : 



IKirkpatrick et al.l 09 99): (39) Shcppard & Cushing ('20091): (4 0) iLeggett et alj (BoOC ): (41) Jpan et al 



(48 ) IStrauss et ah! (Il999l): (49) iKendall et al.l 
2006h : (52) lEUis et ah! l l2005h : (53) ICizis etTu 



200c ); 



20001) : 
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Table 3. Reference L Dwarf/T Dwarf Transition Binaries. 



Source Name 


Opt SpT 


NIR SpT 


Component SpTs 


Component Relative Magnitudes^ 


Ref 


(1) 


(2) 


(3) 


(4) 


(5) 




(6) 


SDSSp J042348. 57-041403. 5 


L7.5 


TO 


L6.5+T2 


AFllOW = 0.526±0.015 


AF170M = 0.820±0.013 


1 


2MASS J05185995-2828372 


L7.5p 


Tip 


L6:+T4: 


AFllOW = 0.8±0.5 


AF170M = 0.9±0.6 


2,3 


SDSS J102109.69-030420.1 


T4±2 


T3 


T1+T5 


AFllOW = 0.06±0.04 


AF170M = 1.030±0.019 


3 


2MASS J14044941-3159329 


TO 


T2.5 


T1+T5 


AJ = -0.53±0.16 


AK = 1.20±0.21 


4 


SDSS J153417.05+161546.1AB 




T3.5 


T1.5+T5.5 


AJ = -0.17±0.04 


AK = 1.07±0.05 


5 


DENIS-P J225210.73-173013.4 




L7.5 


L6+T2 


AFllOW = 0.526±0.015 


AF170M = 0.820±0.013 


6 



''Relative photometry defined as Mb-Ma\ negative magnitudes indicate a secondary that is brighter than the primary. Relative JK photometry 
listed in on the MKO system. 

References. — ( 1) ISureasser et al. I ll2005bl') : (2)[Cruzetal]|200i); (3) iBureasser et al.l ll2006d') : (4') lLooper et al.l ll2008al'l : (S'l lLiu et all hOO^ \ 
(&) iReid et al] l l2006h 



Table 4. Spectral Indices. 



Numerator Denominator 



Index 


Range" 


Range" 


Feature 


Ref 


(1) 


(2) 


(3) 


(4) 


(5) 


H2O-J 


1.14-1.165 


1.26-1.285 


1.15 lira H2O 


1 


CH4-J 


1.315-1.34 


1.26-1.285 


1.32 lira CH4 


1 


H2O-H 


1.48-1.52 


1.56-1.60 


1.4 /im H2O 


1 


CH4-H 


1.635-1.675 


1.56-1.60 


1.65 lira CH4 


1 


H2O-K 


1.975-1.995 


2.08-2.10 


1.9 Atm H2O 


1 


CH4-K 


2.215-2.255 


2.08-2.12 


2.2 /xm CH4 


1 


K/J 


2.060-2.10 


1.25-1.29 


J — K color 


1 


H-dip 


1.61-1.64 


1.56-1.59 + 1.66-1.69'' 


1.65 Aim CH4'^ 


2 



"Wavelength range (in microns) over which flux density {f\) is integrated. 

''Denominator is sum of these two wavelength ranges. 

'^Specifically, this index samples the sharp CH4 feature present in the 
near-infrared spectra of th e suspected L dwarf pl us T dwarf b inaries 
2MASS J0805+4812 llBureasser,2007h ) and Kelu-IA dStumpf et al.ll2008.) . 



References. — (1) iBurgasser et al ] l|2006bh : (2) This paper. 
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Table 5. Binary Index Selection Criteria. 



Ordinate 


Abcissa 


Inflection Points 




(1) 


(2) 


(3) 


(4) 


H2O-J 


H2O-K 


(0.325,0.5), (0.65,0.7) 


27 


CH4-H 


CH4-K 


(0.6,0.35), (1,0.775) 


24 


CH4-H 


K/J 


(0.65,0.25), (1,0.375) 


28 


H2O-H 


H-dip 


(0.5,0.49), (0.875,0.49) 


16 


Spex SpT 


H2O-J/H2O-H 


(L8.5,0.925), (Tl. 5,0.925), (T3. 5,0.85) 


25 


Spex SpT 


H2O-J/CH4-K 


(L8.5,0.625), (T4.5,0.825) 


21 



''See Figure E] 

''Number of sources satisfying selection criteria. 



Table 6. Summary of Fits to Reference Binaries. 



Spectral Types 



Source 


Primary 


Secondary 


AJ 


AK 


AFllOW 


AF170M 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


SDSSp J042348.57-041403.5 


L7.5±0.3 


T2.0±0.2 


0.44±0.09 


1.13±0.07 


0.59±0.10 


0.77±0.08 


>99% 


2MASS J05185995-2828372 


L7.5±0.2 


T5.0±0.5 


0.13±0.19 


2.18±0.31 


0.39±0.20 


1.71±0.36 


>99% 


SDSS J102109. 69-030420.1 


T1.0±0.4 


T5.5±0.7 


0.16±0.41 


1.46±0.29 


0.37±0.40 


1.49±0.51 


>99% 


2MASS J14044941-3159329 


T0.0±0.2 


T5.0±0.2 


-0.27±0.07 


1.41±0.08 


-0.07±0.06 


1.07±0.09 


>99% 


SDSS J153417.05+161546.1AB 


T1.5±0.5 


T5.0±1.0 


0.06±0.67 


1.16±0.47 


0.23±0.66 


1.11±0.76 


>99% 


DENIS-P J225210.73-173013.4 


L4.5±0.7 


T4.5±0.4 


1.29±0.25 


2.88±0.32 


1.54±0.25 


2.50±0.33 


>99% 



^Confidence limit; see Section 4.2. 
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Table 7. Binary Candidates. 



Source 


Opt SpT 


NIR SpT 


SpeX SpT 


2MASS J 


J -Ks 


# Criteria 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 




Strong Candidates 


SDSS J024749.90-163112.6 




T2±1.5 


T2.5±l 


17.19±0.18 


1.57+0.27 


6 


SDSS J035104.37+481046.8 




Tl±1.5 


Tl.5+1 


16.47+0.13 


1.47+0.18 


6 


SDSS J103931.35+325625.5 




Tl 


T1.5 


16.41+0.15 


1.25+0.22 


6 


2MASS J11061197+2754225 




T2.5 


T2.0 


14.82+0.04 


1.02+0.07 


3 


2MASS J13243559+6358284 




T2: 


T2.0±l 


15.60+0.07 


1.54+0.09 


3 


SDSS J141530.05+572428.7 




T3±l 


T3.0±l 


16.73+0.16 


<1.19 


6 


SDSS J143553.25+112948.6 




T2±l 


T2.5±l 


17.14+0.23 


<0.23 


6 


SDSS J143945.86+304220.6 




T2.5 


T2.5 


17.22+0.23 


<1.34 


4 


SDSS J151114.66+060742.9 




T0±2 


T0.5±2 


16.02+0.08 


1.47+0.13 


6 


SDSS J151603. 03+025928.9 




TO: 


L9.5±l 


17.23+0.20 


1.80+0.27 


4 


2MASSI J1711457+223204 


L6.5 




L9.0±3 


17.09+0.18 


2.36+0.20 


6 


2MASS J21392676+0220226 




T1.5 


T2.5±l 


15.26+0.05 


1.68+0.07 


3 


Weak Candidates 


SDSS ,1011912.22+240331.6 




T2 


T2.5 


17.02+0.18 


<-0.02 


2 


SDSS J075840. 33+324723.4 




T2 


T2.5 


14.95+0.04 


1.07+0.07 


2 


SDSS J090900. 73+652527.2 




T1.5 


T1.5 


16.03+0.09 


0.86+0.17 


2 


2MASS J09490860-1545485 




T2 


T1.5±l 


16.15+0.12 


0.92+0.20 


2 


SDSS J120602.51+281328.7 




T3 


T3.0 


16.54+0.11 


<0.72 


2 


SDSS J120747.17+024424.8 


L8 


TO 


TO.O 


15.58+0.07 


1.59+0.09 


2 


SDSS J151643.01+305344.4 




T0.5±l 


T1.5±2 


16.85+0.15 


1.77+0.18 


2 


SDSS J205235.31-160929.8 




Tl±l 


TO.Oitl 


16.33+0.12 


1.21+0.19 


2 



Table 8. Template Fits to Strong Binary Candidates. ^ 



Mode'' 


Primary 


Pub SpT 


SpeX SpT 


Secondary 


Pub SpT 


SpeX SpT 


AJ 


AH 


AK 


AFUOW 


AF170M 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 




SDSS J024749.90-163112.6 


Single 


1750+4222 


T2.0 


T1.5 


















12.0 


L06-faint 


1520+3546 


TO.O 


L7.5 


0050-3322 


T7.0 


T6.5 


0.75 


2.07 


2.52 


1.06 


2.75 


1.99 




<Primary> 


TO.0+0.2 


L7.5+0.2 


< Secondary > 


T7.0+0.3 


T6.5+0.3 


0.68+0.10 


1.96+0.14 


2.42+0.17 


0.98+0.11 


2.58+0.24 




L06-faint (IC) 


1520+3546 


TO.O 


L7.5 


1624+0029 


T6.0 


T6.0 


0.50 


1.75 


2.44 


0.78 


2.23 


1.70 




<Primary> 


TO.0+0.2 


L7.5+0.2 


< Secondary > 


T6.0+0.2 


T6.0+0.2 


0.50+0.04 


1.74+0.05 


2.42+0.07 


0.77+0.04 


2.21+0.08 




L06-bright 


1520+3546 


TO.O 


L7.5 


2356-1553 


T5.5 


T5.5 


0.36 


1.47 


1.97 


0.61 


1.87 


1.81 




<Primary> 


L9. 5+1.1 


L7.5+0.9 


< Secondary > 


T5. 5+0.4 


T5. 5+0.4 


0.30+0.21 


1.42+0.27 


2.00+0.23 


0.55+0.22 


1.82+0.33 




L06-bright (IC) 


1520+3546 


TO.O 


L7.5 


1624+0029 


T6.0 


T6.0 


0.47 


1.71 


2.41 


0.74 


2.20 


1.78 




< Primary > 


TO.0+0.1 


L7.5+0.2 


< Secondary > 


T5. 5+0.4 


T5. 5+0.3 


0.43+0.05 


1.58+0.11 


2.14+0.19 


0.69+0.06 


2.00+0.15 




SDSS J035104.37+481046.8 


Single 


0858+3256 


Tl.O 


TO.O 


















21.3 


L06-faint 


0103+1935 


L6.0 


L6.0 


0602+4043 


T4.5 


T4.5 


0.06 


1.28 


2.27 


0.28 


1.65 1 


6.64 




<Primary> 


L6.5+0.7 


L6.0+0.7 


< Secondary > 


T5.0+0.7 


T5.5+0.6 


0.31+0.31 


1.56+0.33 


2.48+0.31 


0.56+0.32 


2.00+0.4* 




L06-faint (IC) 


0318-3421 


L7.0 


L6.5 


1546-3325 


T5.5 


T5.5 


0.18 


1.53 


2.52 


0.45 


1 — I 

1.97 1 


6.68 




<Primary> 


L6. 5+1.1 


L6.5+0.6 


<Sccondary> 


T5. 0+0.7 


T5. 0+0.6 


0.26+0.30 


1.51+0.33 


2.48+0.30 


0.49+0.31 


1.94+0.41 




L06-bright 


0205+1251 


L5.0 


L5.5 


2154+5942 


T5.0 


T5.5 


0.21 


1.49 


2.37 


0.43 


1.93 


6.55 




<Primary> 


L5.5+0.6 


L5.5+0.5 


< Secondary > 


T5.0+0.5 


T5.0+0.5 


0.27+0.26 


1.48+0.28 


2.38+0.26 


0.50+0.27 


1.90+0.34 




L06-bright (IC) 


0205+1251 


L5.0 


L5.5 


2124+0059 


T5.0 


T5.0 


0.16 


1.35 


2.14 


0.38 


1.73 


6.63 




< Primary > 


L5.5+1.0 


L5.5+0.6 


< Secondary > 


T5.0+0.6 


T5. 5+0.5 


0.29+0.31 


1.52+0.34 


2.42+0.32 


0.53+0.32 


1.94+0.40 




SDSS J103931. 35+325625.5 


Single 


0151+1244 


Tl.O 


TO.O 


















27.1 


L06-faint 


1043+1213 


L7.0 


L8.0 


2254+3123 


T4.0 


T4.0 


0.29 


1.10 


1.79 


0.48 


1.31 


2.56 




<Primary> 


L7.0+0.2 


L8.0+0.2 


<Secondary> 


T4.0+0.2 


T4.0+0.2 


0.26+0.09 


1.08+0.09 


1.78+0.08 


0.46+0.09 


1.29+0.09 




L06-faint (IC) 


1007+1930 


L8.0 


L9.5 


1546+4932 


T2.5 


T3.0 


-0.38 


0.14 


0.86 


-0.27 


0.29 


3.42 




<Primary> 


L8.0+0.4 


L9.0+0.7 


<Secondary> 


T3.0+0.8 


T3.0+0.5 


-0.25+0.19 


0.37+0.32 


1.06+0.34 


-0.11+0.23 


0.53+0.36 




L06-bright 


0857+5708 


L8.0 


L8.5 


1546+4932 


T2.5 


T3.0 


-1.09 


-0.38 


0.49 


-0.97 


-0.20 


3.41 




<Primary> 


L7.5+0.3 


L7.0+1.1 


<Sccondary> 


T2. 0+0.3 


T3. 0+0.2 


-1.05+0.14 


-0.37+0.10 


0.44+0.07 


-0.90+0.13 


-0.22+0.09 




L06-bright (IC) 


0857+5708 


L8.0 


L8.5 


1546+4932 


T2.5 


T3.0 


-0.99 


-0.29 


0.58 


-0.87 


-0.11 


3.24 




<Primary> 


L8. 0+0.4 


L8.0+0.8 


<Soc(jiiclarA^> 


T2..5+0.5 


T3.0+0.5 


-0.71+0.37 


-0.06+0.3.T 


0.69+0.28 


-0.57+0.41 


0.08+0.33 




2AiA.SS ,lll0(illi)7-r27.-,122.-, 


Single 


0136+0933 


T2.5 


T2.0 


















27.9 


L06-faint 


1520+3546 


TO.O 


L7.5 


0000+2554 


T4.5 


T4.5 


-0.31 


0.57 


1.24 


-0.10 


0.82 


5.18 



Table 8 — Continued 



Mode'' 


Primary 


Pub SpT 


SpeX SpT 


Secondary 


Pub SpT 


SpeX SpT 


AJ 


AH 


AK 


AFllOW 


AF170M 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 




<Primaj:y> 


TO.0+0.2 


L7.5+0.2 


<Secondary> 


T4.5+0.2 


T4.5+0.2 


-0.37+0.06 


0.52+0.07 


1.16+0.09 


-0.16+0.05 


0.76+0.11 




L06-faint (IC) 


2043-1551 


L9.0 


L9.0 


0559-1404 


T4.5 


T4.5 


-0.18 


0.78 


1.42 


0.02 


1.08 


7.13 




<Primary> 


L9.0+0.2 


L9.0+0.2 


< Secondary > 


T4.5+0.2 


T4.5+0.2 


-0.19+0.03 


0.77+0.05 


1.43+0.04 


0.01+0.04 


1.08+0.05 




L06-bright 


1520+3546 


TO.O 


L7.5 


0559-1404 


T4.5 


T4.5 


-0.34 


0.64 


1.30 


-0.13 


0.95 


4.74 




<Primary> 


TO. 0+0.2 


L7.5+0.2 


< Secondary > 


T4.5+0.2 


T4.5+0.2 


-0.36+0.05 


0.60+0.08 


1.26+0.10 


-0.15+0.04 


0.90+0.13 




L06-bright (IC) 


1520+3546 


TO.O 


L7.5 


0559-1404 


T4.5 


T4.5 


-0.22 


0.76 


1.42 


-0.01 


1.07 


5.98 




<Primaj:y> 


L9.5+0.4 


L8.0+0.8 


< Secondary > 


T4.5+0.2 


T4.5+0.3 


-0.26+0.11 


0.69+0.18 


1.35+0.16 


-0.06+0.13 


0.99+0.21 




2MASS J13243559+6358284 


Single 


0830+4828 


L9.0 


L9.5 


















32.0 


L06-faint 


1043+2225 


L8.0 


L9.0 


1214+6316 


T3.5 


T4.0 


-0.10 


0.63 


1.36 


0.07 


0.78 


6.17 




<Primary> 


L8.0+0.2 


L9.5+0.2 


< Secondary > 


T3. 5+0.2 


T4.0+0.2 


-0.05+0.06 


0.65+0.03 


1.36+0.01 


0.13+0.07 


0.80+0.02 




L06-faint (IC) 


1043+2225 


L8.0 


L9.0 


1214+6316 


T3.5 


T4.0 


-0.21 


0.53 


1.25 


-0.03 


0.67 


6.03 




<Primaj:y> 


L8.0+0.2 


L9.0+0.2 


< Secondary > 


T3.5+0.2 


T4.0+0.2 


-0.20+0.03 


0.53+0.02 


1.25+0.01 


-0.03+0.03 


0.67+O.Olj 




L06-bright 


0857+5708 


L8.0 


L8.5 


1214+6316 


T3.5 


T4.0 


-0.80 


0.03 


0.86 


-0.61 


0.19 


8.52 




<Primary> 


L8.0+0.4 


L8.5+1.0 


< Secondary > 


T3.5+0.9 


T4.0+0.9 


-0.63+0.41 


0.15+0.52 


0.91+0.50 


-0.45+0.41 


0.32+0.6^^ 




L06-bright (IC) 


1043+2225 


L8.0 


L9.0 


1214+6316 


T3.5 


T4.0 


-0.38 


0.35 


1.07 


-0.21 


0.50 ' 


7.12 




<Primaj:y> 


L8.0+0.2 


L9.0+0.5 


< Secondary > 


T3. 5+0.2 


T4.0+0.2 


-0.46+0.10 


0.32+0.06 


1.09+0.06 


-0.28+0.09 


0.47+0.06 




SDSS J141530.05+572428.7 


Single 


1254^0122 


T2.0 


T2.0 


















11.1 


L06-faint 


1523+3014 


L8.0 


L7.5 


0741+2351 


T5.0 


T5.5 


-0.22 


1.06 


1.91 


0.03 


1.47 


1.73 




<Primary> 


L8.0+0.5 


L8.5+1.0 


< Secondary > 


T5.0+0.3 


T5.5+0.2 


-0.18+0.12 


1.07+0.11 


1.93+0.09 


0.05+0.13 


1.49+0.13 




L06-faint (IC) 


1219+3128 


L8.0 


L9.5 


1624+0029 


T6.0 


T6.0 


-0.18 


1.13 


2.02 


0.06 


1.65 


1.59 




<Primary> 


L8. 5+0.8 


L9. 5+0.2 


< Secondary > 


T5. 5+0.4 


T5.5+0.3 


-0.28+0.13 


0.97+0.14 


1.85+0.15 


-0.06+0.15 


1.43+0.18 




L06-bright 


1523+3014 


L8.0 


L7.5 


0741+2351 


T5.0 


T5.5 


-0.41 


0.87 


1.72 


-0.16 


1.28 


1.38 




<Primary> 


L8.0+0.5 


L7.5+0.8 


< Secondary > 


T5.0+0.2 


T5.5+0.2 


-0.46+0.13 


0.83+0.09 


1.75+0.05 


-0.22+0.13 


1.26+0.09 




L06-bright (IC) 


1219+3128 


L8.0 


L9.5 


0741+2351 


T5.0 


T5.5 


-0.16 


1.06 


1.93 


0.04 


1.49 


1.82 




<Primaj:y> 


L8.5+1.0 


L9.0+0.6 


< Secondary > 


T5.0+0.3 


T5.5+0.3 


-0.26+0.25 


0.96+0.22 


1.84+0.18 


-0.05+0.27 


1.37+0.24 




SDSS J143553.25+112948.6 


Single 


1209-1004 


T3.0 


T3.0 


















42.4 


L06-faint 


1043+1213 


L7.0 


L8.0 


1615+1340 


T6.0 


T6.0 


0.48 


1.89 


2.66 


0.71 


2.44 


19.9 




<Primary> 


L7.5+0.4 


L8.0+0.3 


<Sccondary> 


T6. 0+0.3 


T6.0+0.2 


0.41+0.12 


1.75+0.23 


2.51+0.25 


0.65+0.10 


2.26+0.30 




L06-faint (IC) 


1520+3546 


TO.O 


L7.5 


1615+1340 


T6.0 


T6.0 


0.48 


1.82 


2.47 


0.73 


2.36 


15.9 




<Primaj:y> 


TO.0+0.6 


L7.5+0.2 


< Secondary > 


T6.0+0.3 


T6.0+0.2 


0.48+0.04 


1.80+0.07 


2.45+0.08 


0.72+0.04 


2.33+0.09 





Table 8 — Continued 



Mode'' 


Primary 


Pub SpT 


SpeX SpT 


Secondary 


Pub SpT 


SpeX SpT 


AJ 


AH 


AK 


AFllOW 


AF170M 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


L06-bright 


1520+3546 


TO.O 


L7.5 


1615+1340 


T6.0 


T6.0 


0.36 


1.70 


2.35 


0.61 


2.24 


16.6 




<Primary> 


TO.0+0.2 


L7.5+0.2 


< Secondary > 


T6.0+0.2 


T6.0+0.2 


0.36+0.02 


1.70+0.04 


2.35+0.03 


0.61+0.02 


2.24+0.05 




L06-bright (IC) 


1520+3546 


TO.O 


L7.5 


1615+1340 


T6.0 


T6.0 


0.46 


1.80 


2.44 


0.71 


2.34 


14.8 




<Primary> 


L9. 5+0.7 


L7.5+0.2 


< Secondary > 


T6.0+0.4 


T6.0+0.2 


0.45+0.02 


1.77+0.06 


2.41+0.08 


0.70+0.02 


2.30+0.09 




SDSS J143945.86+304220.6 


Single 


0136+0933 


T2.5 


T2.0 


















7.03 


L06-faint 


0151+1244 


Tl.O 


TO.O 


2356-1553 


T5.5 


T5.5 


0.26 


1.20 


1.44 


0.48 


1.56 


4.85 




<Primaj:y> 


Tl.0+0.2 


TO.0+0.3 


< Secondary > 


T5.0+0.6 


T5.0+0.5 


0.10+0.17 


0.95+0.26 


1.21+0.23 


0.31+0.18 


1.24+0.33 




L06-faint (IC) 


0151+1244 


Tl.O 


TO.O 


2151-4853 


T4.0 


T4.0 


0.03 


0.74 


1.10 


0.23 


0.90 


4.37 




< Primary > 


Tl.0+0.2 


TO.0+0.2 


<Sccoii(lary> 


T4.5+0.5 


T5.0+0.5 


0.21+0.15 


1.06+0.26 


1.35+0.21 


0.41+0.16 


1.31+0.33 




L06-bright 


0151+1244 


Tl.O 


TO.O 


2151-4853 


T4.0 


T4.0 


-0.14 


0.57 


0.93 


0.06 


0.73 


4.59 




< Primary > 


Tl.0+0.2 


TO.0+0.2 


< Secondary > 


T5. 0+0.6 


T5.0+0.6 


0.24+0.30 


1.11+0.40 


1.44+0.39 


0.45+0.31 


1.38+0.49 




L06-bright (IC) 


0151+1244 


Tl.O 


TO.O 


2151-4853 


T4.0 


T4.0 


0.06 


0.77 


1.13 


0.26 


0.93 1 


4.45 




<Primary> 


Tl.0+0.2 


TO.0+0.3 


< Secondary > 


T4.5+0.7 


T5.0+0.6 


0.27+0.31 


1.12+0.41 


1.49+0.41 


0.48+0.31 


1.37+0.51^ 












SDSS J151114.66+060742.9 










CO 




Single 


1030+0213 


L9.5 


L9.0 
















77. 1~ 


5.91 


L06-faint 


0624-4521 


L5.0 


L5.0 


0741+2351 


T5.0 


T5.5 


0.62 


1.90 


2.80 


0.85 


2.33 


1.11 




<Primary> 


L5.5+0.8 


L5.0+0.3 


< Secondary > 


T5.0+0.4 


T5.0+0.4 


0.55+0.26 


1.78+0.32 


2.66+0.32 


0.79+0.26 


2.20+0.37 




L06-faint (IC) 


0624-4521 


L5.0 


L5.0 


0741+2351 


T5.0 


T5.5 


0.78 


2.06 


2.96 


1.01 


2.49 


1.29 




<Primaj:y> 


L5.5+0.7 


L5.0+0.4 


< Secondary > 


T5.5+0.7 


T5.5+0.6 


0.71+0.24 


1.97+0.30 


2.94+0.34 


0.95+0.26 


2.43+0.37 




L06-bright 


0624-4521 


L5.0 


L5.0 


0516-0445 


T5.5 


T5.5 


0.68 


1.93 


2.72 


0.94 


2.41 


1.08 




< Primary > 


L5. 0+0.3 


L5.0+0.4 


< Secondary > 


T5. 5+0.4 


T5.5+0.4 


0.57+0.20 


1.81+0.25 


2.67+0.26 


0.81+0.21 


2.25+0.31 




L06-bright (IC) 


0624-4521 


L5.0 


L5.0 


1624+0029 


T6.0 


T6.0 


0.71 


2.08 


2.99 


0.97 


2.60 


1.08 




<Primaj:y> 


L5.0+0.5 


L5.0+0.3 


< Secondary > 


T5.5+0.6 


T5.5+0.5 


0.60+0.18 


1.86+0.25 


2.72+0.29 


0.84+0.18 


2.30+0.33 




SDSS J151603.03+025928.9 


Single 


0328+2302 


L9.5 


L9.0 


















2.85 


L06-faint 


0318-3421 


L7.0 


L6.5 


1048+0919 


T2.5 


T2.5 


-0.05 


0.57 


1.33 


0.10 


0.72 


1.97 




<Primary> 


L7.5+1.1 


L6.5+1.1 


< Secondary > 


T2.5+2.2 


T2.5+2.4 


0.30+0.65 


0.87+0.90 


1.41+1.02 


0.42+0.71 


1.08+1.17 




L06-faint (IC) 


0318-3421 


L7.0 


L6.5 


1048+0919 


T2.5 


T2.5 


0.07 


0.69 


1.45 


0.22 


0.84 


1.98 




<Primary> 


L7.5+0.9 


L6. 5+0.8 


< Secondary > 


T3. 0+2.3 


T3.0+2.5 


0.48+0.67 


1.13+0.96 


1.74+1.06 


0.63+0.73 


1.38+1.25 




L06-bright 


1044+0429 


L7.0 


L7.0 


1217-0311 


T7.5 


T7.5 


1.85 


3.18 


3.71 


2.18 


4.02 


1.92 




<Primaj:y> 


L7.5+1.3 


L7.0+0.8 


< Secondary > 


T4.0+3.5 


T3.5+3.9 


0.89+0.90 


1.52+1.48 


1.81+1.80 


1.03+1.04 


1.93+1.91 




L06-bright (IC) 


1044+0429 


L7.0 


L7.0 


0039+2115 


T7.5 


T8.0 


1.82 


3.19 


3.94 


2.11 


4.07 


1.90 



Table 8 — Continued 



Mode'" 


Primary 


Pub SpT 


SpeX SpT 


Secondary 


Pub SpT 


SpeX SpT 


AJ 


AH 


AK 


AFUOW 


AF170M 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 




<Primary> 


L7.5±l.l 


L7.0±1.0 


< Secondary > 


T4.5+3.3 


T4.5+3.7 


1.00+0.90 


1.80+1.46 


2.24+1.76 


1.18+1.03 


2.29+1.89 




2MASSI J1711457+223204 


Single 


0858+3256 


Tl.O 


TO.O 


















3.44 


L06-faint 


0624-4521 


L5.0 


L5.0 


1828-4849 


T5.5 


T5.5 


1.01 


2.21 


3.02 


1.23 


2.64 


1.49 




<Primary> 


L5.0±0.4 


L5.5±0.5 


< Secondary > 


T5.5+1.2 


T5.5+1.1 


0.92+0.30 


2.10+0.48 


3.05+0.60 


1.15+0.34 


2.57+0.64 




L06-faint (IC) 


0624-4521 


L5.0 


L5.0 


1346-0031 


T6.5 


TO.O 


1.20 


2.59 


3.38 


1.47 


3.17 


1.49 




<Primary> 


L5.0±0.8 


L5.5±0.7 


< Secondary > 


T5.5+1.4 


T6.0+1.3 


1.02+0.42 


2.22+0.60 


3.09+0.67 


1.26+0.46 


2.73+0.81 




L06-bright 


0624-4521 


L5.0 


L5.0 


1114-2618 


T7.5 


T7.5 


1.29 


2.65 


4.24 


1.58 


3.48 


1.56 




<Primary> 


L5.0±0.7 


L5.5±0.6 


< Secondary > 


T6.5+0.8 


T6.5+0.8 


1.19+0.26 


2.51+0.31 


3.52+0.49 


1.46+0.27 


3.13+0.45 




L06-bright (IC) 


0624-4521 


L5.0 


L5.0 


1346-0031 


T6.5 


T6.0 


1.07 


2.45 


3.25 


1.34 


3.04 


1.49 




<Primary> 


L4.5±0.8 


L5.5±0.8 


< Secondary > 


T6.5+1.1 


T6.5+1.1 


1.20+0.38 


2.47+0.51 


3.36+0.65 


1.46+0.40 


3.11+0.73 




2MASS J21392676+0220226 


Single 


1750-1-4222 


T2.0 


T1.5 


















3.29 


L06-faint 


0830-1-4828 


L9.0 


L9.5 


1214+6316 


T3.5 


T4.0 


-0.15 


0.50 


1.12 


0.00 


0.63 ^ 


1.83 




<Primary> 


L8.5±0.7 


L9.0±0.6 


< Secondary > 


T3.5+1.0 


T4.0+1.0 


-0.14+0.21 


0.62+0.38 


1.28+0.45 


0.02+0.24 


0.82+0.4^- 




L06-faint (IC) 


0830-1-4828 


L9.0 


L9.5 


1214+6316 


T3.5 


T4.0 


-0.10 


0.55 


1.16 


0.05 


0.67 ' 


1.84 




<Primary> 


L8.5±0.7 


L9.5±0.4 


< Secondary > 


T3.5+1.1 


T3.5+1.1 


-0.21+0.27 


0.51+0.38 


1.15+0.41 


-0.06+0.31 


0.69+0.45 




L06-bright 


0028-1-2249 


L7.0 


L5.0 


1214+6316 


T3.5 


T4.0 


-0.38 


0.27 


0.98 


-0.16 


0.42 


1.71 




<Primary> 


L8.0±0.8 


L8.0±1.6 


< Secondary > 


T3.5+0.8 


T3.5+0.9 


-0.46+0.26 


0.19+0.34 


0.84+0.37 


-0.28+0.29 


0.33+0.39 




L06-bright (IC) 


0830-1-4828 


L9.0 


L9.5 


1214+6316 


T3.5 


T4.0 


-0.20 


0.45 


1.06 


-0.06 


0.57 


1.82 




<Primary> 


L8.5±1.0 


L9.0±0.8 


< Secondary > 


T3.0+1.1 


T3.5+1.2 


-0.38+0.35 


0.29+0.49 


0.91+0.54 


-0.23+0.39 


0.44+0.57 





''For each source, we list the parameters of the best-fitting template (minimum x^) for each of the fitting modes; for the composite fits, we also give mean parameters for the 
primary (<Primary>) and secondary (<Secondary>), as well as the predicted relative magnitudes in the MKO JHK and HST/NICMOS FllOW and _F170A/ bands. 

''Spectral fitting mode: Single: fits to single templates; LOO- faint and L06-bright: fits to composite templ ates using the iLiu et al.l l l2006h faint and bright A/if /spectral type 
relations, respectively; L06-faint (IC) and LOO- bright (IC): fits to composite templates using the lLiu et al.l (|2006h faint and bright relations, respectively, and the index- based spectral 
classifications. 



Table 9. Template Fits to Weak Binary Candidates. ^ 



Mode'' 


Primary 


Pub SpT 


SpeX SpT 


Secondary 


Pub SpT 


SpeX SpT 


AJ 


AH 


AK 


AFUOW 


AF170M 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 




SDSS J011912.22+240331.6 


Single 


1254-0122 


T2.0 


T2.0 


















25.4 


L06-faint 


0858+3256 


Tl.O 


TO.O 


2254+3123 


T4.0 


T4.0 


-0.60 


0.08 


0.83 


-0.38 


0.29 


15.7 




<Primary> 


TO.0+0.7 


L9.0+0.9 


<Secondary> 


T4.0+0.4 


T4.5+0.5 


-0.42+0.19 


0.43+0.33 


1.12+0.28 


-0.21+0.20 


0.66+0.37 




L06-faint (IC) 


0858+3256 


Tl.O 


TO.O 


1750+1759 


T3.5 


T3.0 


-0.69 


-0.06 


0.79 


-0.55 


0.14 


14.9 




<Primary> 


TO.0+1.0 


TO.0+0.4 


< Secondary > 


T4.0+0.5 


T3.5+0.7 


-0.54+0.23 


0.20+0.39 


0.99+0.33 


-0.39+0.27 


0.42+0.45 




L06-bright 


0328+2302 


L9.5 


L9.0 


2151-4853 


T4.0 


T4.0 


-0.47 


0.38 


1.04 


-0.26 


0.58 


14.2 




<Primary> 


L9.0+0.7 


L9.0+0.8 


<Sccondary> 


T4.0+0.3 


T4.0+0.5 


-0.54+0.11 


0.25+0.20 


0.97+0.16 


-0.36+0.16 


0.46+0.21 




L06-bright (IC) 


1030+0213 


L9.5 


L9.0 


1750+1759 


T3.5 


T3.0 


-0.71 


-0.05 


0.70 


-0.59 


0.16 


13.5 




<Primary> 


L9.0+0.7 


L9.0+0.4 


< Secondary > 


T3. 5+0.2 


T3. 5+0.3 


-0.75+0.16 


-0.05+0.19 


0.73+0.15 


-0.63+0.19 


0.17+0.19 




SDSS J075840.33+324723.4 


Single 


1254-0122 


T2.0 


T2.0 


















34.8 


L06-faint 


2047-0718 


TO.O 


L7.5 


1214+6316 


T3.5 


T4.0 


-0.13 


0.43 


0.89 


0.08 


0.51 1 


47.1 




<Primary> 


TO.0+0.8 


L9.0+1.1 


<Secondary> 


T3.5+0.8 


T4.0+0.6 


-0.31+0.25 


0.32+0.37 


0.93+0.41 


-0.12+0.26 


0.46+0.43 

0.87 




L06-faint (IC) 


0151+1244 


Tl.O 


TO.O 


1214+6316 


T3.5 


T4.0 


0.40 


0.82 


1.04 


0.59 


49.4 




<Primary> 


L9. 5+0.9 


TO. 0+0.2 


<Sccondary> 


T4.0+0.4 


T4.0+0.3 


-0.12+0.36 


0.59+0.17 


1.18+0.14 


0.04+0.38 


0.78+0.12 




L06-bright 


2047-0718 


TO.O 


L7.5 


1214+6316 


T3.5 


T4.0 


-0.25 


0.31 


0.77 


-0.04 


0.39 


36.7 




<Primary> 


L9.5+0.6 


L8.5+0.8 


<Secondary> 


T3.5+0.3 


T4.0+0.3 


-0.28+0.11 


0.26+0.14 


0.77+0.12 


-0.08+0.13 


0.35+0.14 




L06-bright (IC) 


0151+1244 


Tl.O 


TO.O 


1214+6316 


T3.5 


T4.0 


0.40 


0.81 


1.03 


0.58 


0.87 


49.4 




<Primary> 


L9.5+0.9 


TO.0+0.3 


< Secondary > 


T4.0+0.5 


T4.0+0.4 


-0.14+0.40 


0.57+0.28 


1.16+0.24 


0.03+0.41 


0.76+0.30 




SDSS J090900.73+652527.2 


Single 


0136+0933 


T2.5 


T2.0 


















4.76 


L06-faint 


1750+4222 


T2.0 


T1.5 


1048+0919 


T2.5 


T2.5 


-0.16 


-0.07 


0.13 


-0.16 


0.00 


2.53 




<Primary> 


Tl.5+0.5 


TO.5+0.7 


<Secondary> 


T2.5+0.3 


T2.5+0.5 


-0.12+0.10 


0.10+0.17 


0.30+0.19 


-0.07+0.11 


0.17+0.18 




L06-faint (IC) 


1750+4222 


T2.0 


T1.5 


1048+0919 


T2.5 


T2.5 


-0.06 


0.03 


0.24 


-0.05 


0.10 


2.52 




<Primary> 


Tl.5+0.5 


Tl.0+0.6 


<Secondary> 


T2.5+0.3 


T2.5+0.4 


0.02+0.10 


0.22+0.22 


0.42+0.25 


0.07+0.14 


0.29+0.24 




L06-bright 


1750+4222 


T2.0 


T1.5 


1048+0919 


T2.5 


T2.5 


-0.16 


-0.07 


0.13 


-0.15 


0.00 


2.53 




<Primary> 


Tl. 0+0.8 


TO. 5+1.1 


<Sccondary> 


T3. 0+0.4 


T2. 5+0.5 


-0.20+0.17 


0.08+0.14 


0.34+0.23 


-0.13+0.15 


0.17+0.16 




L06-bright (IC) 


1750+4222 


T2.0 


T1.5 


1048+0919 


T2.5 


T2.5 


-0.09 


0.00 


0.20 


-0.08 


0.07 


2.52 




<Primary> 


Tl.5+0.8 


TO. 5+1.0 


<Soc()iiclarA^> 


T2. 5+0.1 


T2.5+0.5 


-0.12+0.18 


0.15+0.17 


0.10+0.22 


-0.06+0.17 


0.23+0.18 




2A1ASS .101) l!)08(i0-ir> 15 185 


Single 


0136+0933 


T2.5 


T2.0 


















27.2 


L06-faint 


1632+4150 


Tl.O 


Tl.O 


1122-3512 


T2.0 


T2.0 


-0.09 


0.09 


0.24 


-0.07 


0.15 


13.7 



Table 9 — Continued 



Mode'' 


Primary 


Pub SpT 


SpeX SpT 


Secondary 


Pub SpT 


SpeX SpT 


AJ 


AH 


AK 


AFllOW 


AF170M 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 




<Primaj:y> 


Tl.0+0.2 


Tl.0+0.2 


< Secondary > 


T2.0+0.2 


T2.0+0.3 


-0.07+0.05 


0.12+0.06 


0.26+0.05 


-0.04+0.06 


0.18+0.06 




L06-faint (IC) 


1632+4150 


Tl.O 


Tl.O 


1122-3512 


T2.0 


T2.0 


-0.09 


0.09 


0.24 


-0.07 


0.15 


13.7 




<Primary> 


Tl.0+0.2 


Tl.0+0.2 


< Secondary > 


T2.0+0.2 


T2.0+0.3 


-0.05+0.09 


0.13+0.10 


0.28+0.09 


-0.02+0.10 


0.20+0.10 




L06-bright 


1632+4150 


Tl.O 


Tl.O 


1122-3512 


T2.0 


T2.0 


-0.16 


0.02 


0.17 


-0.14 


0.08 


13.7 




<Primary> 


Tl.0+0.2 


Tl.0+0.2 


< Secondary > 


T2. 0+0.4 


T2.0+0.4 


-0.13+0.14 


0.06+0.20 


0.21+0.19 


-0.10+0.15 


0.13+0.23 




L06-bright (IC) 


1632+4150 


Tl.O 


Tl.O 


1122-3512 


T2.0 


T2.0 


-0.15 


0.03 


0.18 


-0.13 


0.09 


13.7 




<Primary> 


Tl.0+0.2 


Tl.0+0.2 


< Secondary > 


T2.0+0.3 


T2.0+0.4 


-0.10+0.12 


0.08+0.14 


0.23+0.13 


-0.08+0.13 


0.15+0.16 




SDSS J120602.51+281328.7 


Single 


1750+1759 


T3.5 


T3.0 


















27.3 


L06-faint 


1122-3512 


T2.0 


T2.0 


1901+4718 


T5.0 


T5.0 


0.23 


0.84 


0.98 


0.31 


1.05 


22.8 




<Primary> 


T2. 0+0.2 


T2.0+0.2 


< Secondary > 


T4.5+0.4 


T4.5+0.3 


0.16+0.10 


0.73+0.19 


0.86+0.18 


0.24+0.11 


0.93+0.22 




L06-faint (IC) 


1122-3512 


T2.0 


T2.0 


1901+4718 


T5.0 


T5.0 


0.14 


0.75 


0.88 


0.21 


0.96 


23.2 




<Primaj:y> 


T2.0+0.3 


T2.0+0.3 


< Secondary > 


T4.5+0.5 


T4.5+0.5 


0.08+0.14 


0.62+0.27 


0.75+0.26 


0.16+0.16 


0.81+0.3^ 




L06-bright 


1122-3512 


T2.0 


T2.0 


0742+2055 


T5.0 


T5.0 


0.49 


1.17 


1.37 


0.61 


1.44 ^ 


26.7 




<Primary> 


T2.0+0.3 


T2.0+0.3 


< Secondary > 


T5.0+0.5 


T5.0+0.6 


0.42+0.19 


1.03+0.34 


1.20+0.39 


0.52+0.22 


1.26+0.4f^ 




L06-bright (IC) 


1122-3512 


T2.0 


T2.0 


1901+4718 


T5.0 


T5.0 


0.48 


1.10 


1.23 


0.56 


1.31 ' 


25.7 




<Primaj:y> 


T2.0+0.4 


T2.5+0.4 


< Secondary > 


T4.5+0.6 


T4.5+0.7 


0.37+0.33 


0.91+0.52 


1.06+0.51 


0.45+0.37 


1.11+0.59 




SDSS J120747.17+024424.8 


Single 


0151+1244 


Tl.O 


TO.O 


















44.6 


L06-faint 


1036-3441 


L6.0 


L6.5 


1209-1004 


T3.0 


T3.0 


0.74 


1.24 


1.77 


0.87 


1.38 


6.14 




<Primary> 


L6.5+0.7 


L6.5+0.4 


< Secondary > 


T2.5+0.5 


T2.5+0.5 


0.48+0.28 


0.90+0.31 


1.45+0.28 


0.62+0.30 


1.01+0.31 




L06-faint (IC) 


1036-3441 


L6.0 


L6.5 


1048+0919 


T2.5 


T2.5 


0.47 


0.87 


1.36 


0.59 


0.97 


4.95 




<Primary> 


L6. 0+0.5 


L7.0+0.2 


< Secondary > 


T2. 5+0.3 


T2.0+0.2 


0.43+0.13 


0.83+0.12 


1.32+0.06 


0.55+0.13 


0.92+0.11 




L06-bright 


1515+4847 


L6.0 


L5.5 


1254-0122 


T2.0 


T2.0 


0.11 


0.34 


0.68 


0.26 


0.37 


4.38 




<Primary> 


L5.5+0.4 


L5.5+0.2 


< Secondary > 


T2.0+0.2 


T2.0+0.2 


0.20+0.16 


0.43+0.15 


0.76+0.14 


0.36+0.17 


0.46+0.15 




L06-bright (IC) 


1515+4847 


L6.0 


L5.5 


1254^0122 


T2.0 


T2.0 


0.24 


0.47 


0.82 


0.40 


0.51 


4.18 




<Primaj:y> 


L6.0+0.3 


L5.5+0.2 


< Secondary > 


T2.0+0.2 


T2.0+0.2 


0.24+0.01 


0.47+0.02 


0.81+0.02 


0.40+0.00 


0.50+0.02 




SDSS J151643.0H-305344.4 


Single 


1007+1930 


L8.0 


L9.5 


















8.38 


L06-faint 


1043+2225 


L8.0 


L9.0 


0830+4828 


L9.0 


L9.5 


0.05 


0.13 


0.24 


0.07 


0.16 


7.28 




<Primary> 


L8. 0+0.2 


L9.0+0.5 


< Secondary > 


L9. 5+1.2 


TO.0+0.9 


0.06+0.24 


0.21+0.33 


0.34+0.39 


0.08+0.25 


0.25+0.42 




L06-faint (IC) 


1043+2225 


L8.0 


L9.0 


0830+4828 


L9.0 


L9.5 


-0.10 


-0.02 


0.09 


-0.08 


0.00 


7.22 




<Primaj:y> 


L8.0+0.2 


L9.0+0.6 


< Secondary > 


L9.5+0.9 


TO.0+0.8 


-0.09+0.13 


0.05+0.23 


0.19+0.35 


-0.07+0.16 


0.08+0.27 





Table 9 — Continued 



Mode'" 


Primary 


Pub SpT 


SpeX SpT 


Secondary 


Pub SpT 


SpeX SpT 


AJ 


AH 


AK 


AFUOW 


AF170M 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(11) 


(12) 


(13) 


L06-bright 


1043+2225 


L8.0 


L9.0 


0830+4828 


L9.0 


L9.5 


-0.14 


-0.06 


0.06 


-0.11 


-0.03 


7.20 




<Primary> 


L8. 0+0.2 


L9. 0+0.5 


< Secondary > 


TO.0+2.8 


TO.5+2.6 


-0.01+0.55 


0.29+0.97 


0.50+1.18 


0.04+0.63 


0.42+1.25 




L06-bright (IC) 


1043+2225 


L8.0 


L9.0 


0830+4828 


L9.0 


L9.5 


-0.18 


-0.10 


0.02 


-0.15 


-0.07 


7.19 




<Primary> 


L8. 0+0.2 


L9. 0+0.5 


< Secondary > 


TO.0+2.7 


TO.5+2.6 


-0.06+0.51 


0.24+0.94 


0.46+1.17 


-0.01+0.60 


0.37+1.22 




SDSS J205235.31-160929.8 


Single 


0151+1244 


Tl.O 


TO.O 


















6.23 


L06-faint 


1155+0559 


L7.5 


L7.0 


1122-3512 


T2.0 


T2.0 


-0.01 


0.40 


1.07 


0.11 


0.53 


2.59 




<Primary> 


L7.5+0.6 


L7.0+0.5 


<Secondary> 


T2. 0+0.2 


T2.0+0.2 


0.04+0.18 


0.45+0.18 


1.10+0.17 


0.16+0.18 


0.58+0.18 




L06-faint (IC) 


2047-0718 


TO.O 


L7.5 


1048+0919 


T2.5 


T2.5 


0.29 


0.70 


1.13 


0.41 


0.78 


2.19 




<Primary> 


L9.5+1.3 


L7.5+0.3 


< Secondary > 


T2. 5+0.3 


T2.0+0.2 


0.29+0.06 


0.70+0.06 


1.13+0.07 


0.41+0.05 


0.77+0.05 




L06-bright 


1036-3441 


L6.0 


L6.5 


0136+0933 


T2.5 


T2.0 


-0.01 


0.39 


0.81 


0.11 


0.46 


2.94 




<Primary> 


L6. 0+0.6 


L6. 5+0.4 


< Secondary > 


T2. 5+0.2 


T2.0+0.2 


-0.08+0.16 


0.32+0.15 


0.78+0.13 


0.05+0.16 


0.40+0.15 




L06-bright (IC) 


1526+2043 


L7.0 


L5.5 


1048+0919 


T2.5 


T2.5 


-0.10 


0.29 


0.85 


0.06 


0.40 1 


3.30 




<Primary> 


L7.0+1.2 


L6. 5+0.9 


< Secondary > 


T2. 0+0.5 


T2.0+0.5 


-0.17+0.26 


0.18+0.24 


0.69+0.25 


-0.02+0.28 


0.27+0.2^ 





''For each source, we list the parameters of the best-fitting template (minimum x^) for each of the fitting modes; for the composite fits, we also give mean parameters for the 
primary (<Primary>) and secondary (<Secondary>), as well as the predicted relative magnitudes in the MKO JHK and HST/NICMOS FllOW and F170M bands. 

''Spectral fitting mode: Single: fits to single templates; L06-faint and L06-bright: fits to composite templ ates using the iLiu et al.l ll2006h faint and bright A//f /spectral type 
relations, respectively; L06-faint (IC) and L06-bright (IC): fits to composite templates using the lLiu et al.l ([2OO3) faint and bright relations, respectively, and the index-based spectral 
classifications. 



Table 10. Summary of Binary Candidates. 



Spectral Types AO/ 



Source Pub SpeX Primary Secondary AJ CL'' HST? Notes 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 



Probable Binaries 



SDSS J011912.22+240331.6 


T2 


T2.5 


T0.0±0.7 


T4.0±0.4 


-0.42±0.19 


>99% 


No 


Large J flux reversal 


















Cloudy primary? 


SDSS J024749.90-163112.6 


T2±1.5 


T2.5±l 


T0.0±0.2 


T7.0±0.3 


0.68±0.10 


>99% 


No 


Old /metal-poor? 


SDSS J035104.37+481046.8 


Tl±1.5 


T1.5±l 


L6.5±0.7 


T5.0±0.7 


0.31±0.31 


>99% 


No 


Small J flux reversal 


















Cloudy primary? 


SDSS J090900.73+652527.2 


T1.5 


T1.5 


T1.5±0.5 


T2.5±0.3 


-0.12±0.10 


>99% 


No 


Small J flux reversal 


2MASS J09490860-1545485 


T2 


T1.5±l 


T1.0±0.2 


T2.0±0.2 


-0.07±0.05 


>99% 


No 


Small J flux reversal 


SDSS J103931. 35+325625. 5 


Tl 


T1.5 


L7.0±0.2 


T4.0±0.2 


0.26±0.09 


>99% 


No 




2MASS J11061197+2754225 


T2.5 


T2.0 


T0.0±0.2 


T4.5±0.2 


-0.37±0.06 


>99% 


Yes 


Large J flux reversal 


















Old/ metal-poor? 


SDSS J120747.17+024424.8 


TO 


TO.O 


L6.5±0.7 


T2.5±0.5 


0.48±0.28 


>99% 


No 




2MASS J13243559+6358284 


T2p 


T2.0±l 


L8.0±0.2 


T3.5±0.2 


-0.05±0.06 


>99% 


No 


Large J flux reversal 


















Cloudy primary? 


SDSS J141530.05+572428.7 


T3±l 


T3.0±l 


L8.0±0.5 


T5.0±0.3 


-0.18±0.12 


>99% 


No 


Large J flux reversal 


SDSS J143553.25+112948.6 


T2±l 


T2.5±l 


L7.5±0.4 


T6.0±0.3 


0.41±0.12 


>99% 


No 




SDSS J143945.86+304220.6 


T2.5 


T2.5 


T1.0±0.2 


T5.0±0.6 


0.10±0.17 


>99% 


No 




SDSS J151114.66+060742.9 


T0±2 


T0.5±2 


L5.5±0.8 


T5.0±0.4 


0.55±0.26 


>99% 


No 


Cloudy primary? 


SDSS J151603.03+025928.9 


TO: 


L9.5±l 


L7.5±l.l 


T2.5±2.2 


0.30±0.65 


>99% 


No 


Small J flux reversal 


















Cloudy primary? 


2MASSI J1711457+223204 


L6.5 


L9.0±3 


L5.0±0.4 


T5.5±1.2 


0.92±0.30 


>99% 


No'' 


TT measurement 


SDSS J205235.31-160929.8 


Tl±l 


TO.Oil 


L7.5±0.6 


T2.0±0.2 


0.04±0.18 


>99% 


No 


Small J flux reversal 


2MASS J21392676+0220226 


T1.5 


T2.0±l 


L8.5±0.7 


T3.5±1.0 


-0.14±0.21 


>99% 


No 


Large J flux reversal 


Other Sources 


SDSS J075840.33+324723.4 


T2 


T2.5 


T0.0±0.8 


T3.5±0.8 


-0.31±0.25 


1% 


No 


Clone of SDSS J1254-0122 


SDSS J120602.51+281328.7 


T3 


T3.0 


T2.0±0.2 


T4.5±0.4 


0.16±0.10 


92% 


No 


Clone of SDSS J1750+1759 


SDSS J151643.01+305344.4 


T0.5±l 


T1.5±2 


L8.0±0.2 


L9.5±1.2 


0.06±0.24 


87% 


No 


Thick clouds? 



''Confldence limit; see Section 4.2. 

''HST/WFPC2 observations in the F1042M band bv ICizis et ahl | |2003|) did not have sufflcient sensitivity to detect any putative T dwarf 
secondary in this system. 
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Table 11. Estimated Binary Fractions for SpeX Sample. 



Number of Sources Binary Fraction^ 

SpT Total Resolved Candidates Non-candidates Observed Predicted'' 
(1) (2) (3) (4) (5) (6) (7) 



L8-L9 


12 








12 


<13% 


33% 


L9-T0 


9 


1 





8 




49% 


TO-Tl 


9 


3 


3 


3 


67li^% 


70% 


T1-T2 


10 


1 


5 


4 




68% 


T2-T3 


17 


1 


7 


9 


47+11% 


45% 


T3-T4 


7 


2 


1 


4 




23% 


T4-T5 


10 


1 





9 


10+1''% 


26% 


T5-T6 


20 


1 





19 


5tl°% 


30% 



T0-T4 43 7 16 20 53±7% 56% 



^Including resolved binaries plus binary candidates. 

Based on the simulations of lBurgasseJ l|2007ah . assuming a mass function ^I/(M) oc M 
a constant birthrate over 0.01 < t < 10 Gyr, an intri nsic binary fraction £5 = 15%, a mass 
ratio distribution P{q) oc g^, evolutionary models from lBaraffe et all ||2003| ). if-band absolute 
magnitude and bolometric magnitude relations as defined in that study, and a magnitude- 
limited sample. 
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